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No. 69. 


IN ASSEMBLY, 


January 9, 1901. 


THIRTEENTH ANNUAL REPORT 


OF THE 


Agricultural Experiment Station of 
Cornell University. 


STATE OF NEW YORK: 


DepakTMENT OF AGRICULTURE, 
Axpany, January 9, 1901. 
To the Honorable the Legislature of the State of New York: 
In accordance with the provisions of the statutes relating thereto, 
I have the honor to herewith transmit the Thirteenth Annual Report 


“of the Agricultural Experiment Station at Cornell University. 
5 CHARLES A. WIETING, 


Commissioner of Agriculture. 
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BOARD OF CONTROL: 
THE TRUSTEES OF THE UNIVERSITY. 


THE AGRICULTURAL COLLEGE AND STATION COUNCIL. 


JACOB GOULD SCHURMAN, President of the University. 
FRANKLIN C. CORNELL, Trustee of the University. 

ISAAC P. ROBERTS, Director of the College and Experiment Station. 
EMMONS L. WILLIAMS, Treasurer of the University. 

LIBERTY H. BAILEY, Professor of Horticulture. 

JOHN H. COMSTOCK, Professor of Eutomology. 


STATION AND UNIVERSITY EXTENSION STAFF. 


I. P. ROBERTS, Agriculture. 

G. C. CALDWELL, Chemistry. 

JAMES LAW, Veterinary Science. 

J. H. COMSTOCK, Entomology. 

L. H. BAILEY, Horticulture. 

H. H. WING, Dairy Husbandry. 

GEO. F. ATKINSON, Botany. 

M. V. SLINGERLAND, Entomology. 
G. W. CAVANAUGH, Chemistry. 

L. A. CLINTON, Agriculture. 

B. M. DUGGAR, Botany. 

J. W. SPENCER, Extension Work. 

J. L. STONE, Sugar Beet Investigation. 
Mrs. MARY ROGERS MILLER. Nature-Study. 
A. L. KNISELY, Chemistry. 

S. W. FLETCHER, Extension Work. 
C. E. HUNN, Gardening. 

W. W. HALL, Dairy Husbandry. 

A. R. WARD, Dairy Bacteriology. 

L. ANDERSON, Dairy Husbandry. 

W. E. GRIFFITH, Dairy Husbandry. 
Mrs. A. B. COMSTOCK, Nature-Study. 
ALICE G. McCLOSKEY, Nature-Study. 


OFFICERS OF THE STATION. 


I. P. ROBERTS, Director. 
E. L. WILLIAMS, Treasurer. 
EDWARD A. BUTLER, Clerk. 


Office of Director, Room 20, Morrill Hall. 
The regular bulletins of the Station are sent free to all who request them. 
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REPORT. 


Irnaca, N. Y. 
To His Excellency, the Secretary of the Treasury, 
Washington, D. C. 
To His Excellency, the Secretary of Agriculture, 
Washington, D. C. 
To His Excellency, the Governor of the State of New York, 
Albany, N. Y. 
To His Excellency, the Commissioner of Agriculture, 
of the State of New York, Albany, N. ¥.: 


Sir—I have the honor to transmit herewith the thirteenth 
annual report of the Agriculturai Experiment Station of Cornell 
University, in accordance with the Act of Congress of March 2, 
1887, establishing the Station. 

This document contains the report of the Director and the spe- 
cial reports of his scientific coadjutors, as well as copies of the bul- 
letins, Nos. 171-182, inclusive; Nos. 2-5, inclusive, of the Nature 
Study Quarterlies ; Nos. 6-10, inclusive, of the Reading Courses for 
Farmers, and Nos. 1-8 of the Junior Naturalist Monthilies, all of 
which have been published by the Station during the year, and a 
detailed statement of the receipts and expenditures. 

The increased scope and effectiveness of the Experiment Station 
of Cornell University, due to the appropriations with which in 
recent years the Legislature of the State of New York has supple- 
mented the annual appropriation from the Federal treasury, are 
notable and gratifying, and to this newer side of the work I would 
especially direct your attention. 

I have the honor to be your obedient servant, 


J. G. SCHURMAN, 
President of Cornell University. 
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REPORT OF THE DIRECTOR. 


To the President of Cornell University: 


Sir.— I have the honor to transmit herewith the Thirteenth 
Annual Report of the Agricultural Experiment Station of Cornell 
University. The work of the Experiment Station and that for the 
“Promotion of Agricultural Knowledge throughout the State,” 
under Chapter 430 of the Laws of 1899, are so closely allied that 
it seems appropriate to bind together in one volume and to transmit 
all of the principal publications of the Station together with those 
which have been issued by reason of the State appropriation. 

The administration of the various Federal and State funds for 
the improvement of agriculture has been placed in the hands of the 
College of Agriculture, subject, however, to the approval of the 
College and Station Council, and, in the case of the State funds, 
to the approval of the Commissioner of Agriculture. 

The investigations have been directed along two general lines : — 
those designed to solve as quickly as possible pressing questions, and 
those which have a far-reaching and more scientific basis. Some of 
the bulletins embody the results of a single season’s work, while 
others are the results of years of research. In addition to the 
research work carried on at the College and throughout the State, 
a Farmer’s Reading Course has been established not only for the 
purpose of giving instruction, but with the view of inducing the 
farmers to become interested in the experimental work. The 
climate and soil vary so widely in this State that experiments 
carried on at the central station are often of little value in many 
other localities, hence it has been thought wise to induce the leading 
farmers to investigate either independently or under the direction 
of the Station. More than four hundred farmers are now experi- 
menting under the immediate supervision of the Station staff. 
Expert field agents are sent ont to assist in mapping out the work 


and in selecting suitable ground and plantations. The agents 
ix 
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inspect the work from time to time, give directions for harvesting, 
weighing and sampling, and so far as possible assist in harvesting 
the crops. This work, associated with other work of a somewhat 
different character for the “ Promotion of Agricultural Knowledge,” 
nas been eminently successful. After three years’ experience in 
sending out these traveling expert teachers and experimenters I am 
persuaded that no other line of effort has been more fruitful in 
results. 

The Station and University Extension staff now consists of some 
thirty persons selected with special reference to fitness for the work 
which they are called on to perform. 

Appended to, and a part of this report, are the reports of fe 
various heads of divisions and a detailed statement of receipts and 
expenditures for the fiscal year ending June 30th, 1900. 

Twelve bulletins, containing 385 pages and oD cuts, have been 
issued on the following subjects : 

No. 171, “ Gravity or Dilution Separators.” 

No. 172, “The Cherry Fruit-Fly : A New Cherry Pest.” 

No. 173, “The Relation of Food to Milk-Fat.” 

No. 174, “The Problem of Impoverished Lands.” 

No. 175, “Fourth Report on Japanese Plums.” 

No. 176, “ The Peach-Tree Borer.” 

No. 177, “Spraying Notes.” 

No. 178, ‘The Invasion of the Udder by Bacteria.” 

No. 179, “ Field Experiments with Fertilizers.” 

No. 180, “The Prevention of Peach Leaf-Curl.” 

No. 181, “ Pollination in Orchards.” 

No. 182, “Sugar Beet Investigations for 1899.” 

Four Nature-Study Quarterlies have been published on the fol- 
lowing subjects : 

No. 4%, “ A Handful of Soil.” 

No. 3, “ Cuttings and Cuttings.” 

No. 4, “The Burst of Spring.” 

No. 5, “ A Brook.” 

The following reading lessons for farmers have been issued : 

No. 7, “ Balance Rations for Stock.” 

“ Quiz on Reading Lesson No. 7.” 
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No. 8, “ A Farmer’s View of Balanced Rations.” 
“ Quiz on Reading Lesson No. 8.” 

No. 9, “Sample Rations for Milch Cows.” 

No. 10, “ Peter’s Idea of Improving ‘ Worn Out’ Lands.” 

Two lessons for the Junior Naturalist Clubs have been published 
on the following subjects: 

Lesson 1, “Seed Travelers.” 

Lesson 2, “The Story an Apple Tree Can Tell.” 

In December, 1899, this publication was changed to a Nature- 
Study Monthly. 

No. 3, “ How Shall We Please St. Nicholas.” 

No. 4, “ Oxygen and Carbon in Partnership.” 

No. 5, “ Waiting for the Birds.” 

No. 6, “The Coming of Spring.” 

No. 7, “The Four Chapters in an Insect’s Life.” 

No. 8, “ A Children’s Garden.” 

Twenty-five thousand copies of each bulletin are issued except in 
rare cases when a bulletin is of a strictly scientific character when 
but five thousand copies are published for the use of scientific 
workers. At the present time in round numbers there are 20,000 
farmers registered in the Reading-Course, 35,000 school children in 
the Junior Naturalist Clubs, and 30,000 public school teachers have 
applied for and are receiving the leaflets. We are fully persuaded 
that all of this work is preparing the farmer, the teacher and the 
child to investigate, to see and to love the natural objects which 
surround every rural home. Already many observed facts are 
being reported to us from the multitude of pupils who are inter- 
ested in our work. 

Respectfully submitted, 
I. P. ROBERTS, 
Director. 
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REPORT OF THE TREASURER. 


The Cornell University Agricultural Experiment Station, 
In account with 
The United States Appropriation, 1899-1900. 


To Receipts from the Treasurer of the United States 
as per appropriation for fiscal year ending June 30, 
1900, as per Act of Congress, approved March 2, DD yi 


SRR Ie. ec MRED, Se A = A a $13,500 00 
Cr. 
[ES SOLES a en nine eae $9,508 14 
ERB ira ant eyes ie atals liga Sat arcs 74 60 
IBN CR OUR 25 6 it Oe'eis cin, ss co : 1,620 11 
Postage and Stationery........... 387 59 
Wreivht and Express: 2.4 /..5..~- 112 78 
Heat, licht and Water. ..... 5... 90 63 
Chemical Supplies... ..5. 2.505. 0s: 16 29 
Seeds, Plants and Sundry Supplies.. 191 89 
Fertilizers ..... eS Cota reer 15 60 
Se OS CUMSY 5 sos a ya. cieya dois cre a, af 205 66 
MERE fe gate Taso age kale ges 161 59 
Tools, Implements and Machinery.. 6 00 
Murniture and Wixtures..........+ 102 28 
Scientific Apparatus.............. 99 73 
Herma tOC Keaton alae Shane 22 00 
Traveling Expenses.....- .....-. 157 69 
Contingent Expenses...........<. 10 00 
Buildings and Repairs............ 17 42 
LUCE EG le CN Se a Rae aed a et on a $13,500 00 
(Signed) E. L. WILLIAMS, 
Treasurer. 
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We, the undersigned, duly appointed Auditors of the Corporation, 
do hereby certify that we have examined the books and accounts of 
the Cornell University Agricultural Experiment Station for the 
fiseal year ending June 30, 1900; that we have found the same 
well kept and classified as above, and that the receipts for the year 
from the Treasurer of the United States are shown to have been 
$13,500.00, and the corresponding disbursements $13,500.00; for 
all of which proper vouchers are on file and have been by us exam- 
ined and found correct, thus leaving no balance. 

And we further certify that the expenditures have been solely 
for the purposes set forth in the Act of Congress approved March 


2, 1887. 
(Signed) H. B. LORD, 


M. VAN CLEEF, 
[SEAL] Auditors. 


Attest: Emmons L. WILtrams, 
Custodian. 


REPOR] OF TRE CHEMIST. 


To the Director of the Cornell University Agricultural Experi- 
ment Station : 


Str.— The work of the Chemical Department during the past 
year has been largely along the lines of the three previous years. 
The investigation of evaporation of water from soils under different 
methods of cultivation was continued during the summer of 1899, 
and is still in progress. This work, which is being done in connec- 
tion with the Agricultural Department, requires determinations of 
soil moisture. 

During the fall months the work on sugar beets was continued 
with special reference to the sugar content and purity of certain 
standard varieties. The subject of insecticides received attention 
and a number of samples of Paris green and substitutes for Paris 
green have been examined. 

Some studies of the strawberry soils of Oswego County have been 
started. Several large experiments have been placed there by the 
Departments of Horticulture and Chemistry, and it is hoped that 
some light may be had on the fertilizer requirements of the straw- 
berry plant. Complete analyses of these soils are in progress. 

The work on starches for the A. O. A. C. has been taken up and 
also an investigation of the pentosans. 

The following table shows the substances that have been analyzed 
wholly or in parts: 


Samples. 
HRI DCS Ree tus ye 47 . Glad soonest has at 200 
Ries oh he ed ene Gains, Uh Stree gard hee aefe s 129 
Maeds: Glood\analbysis)s . ssiais od Sere gees ooh Ss 26 
Boeeds. (fertilizer analysis): .3.c6 sic. dine ove. 22 
"1515, 1s Pee a eg A ee Set ae SD 6 
ULTIMO he oh cc ee eye Peal ew bie ol Slav BAS t 
Commercial, Lortilizersi. . tose ose 6 ob sien sce 6 
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Samples. 
Paris: green ‘andarcenicaley.s 20 66 saeco 13 
ADB I hatte 8 eee alll, eee a pies cet) 1 
SOs pews Ria ances tees Sa Ace, JIM, Soll eck 2 
Mill waste. 1 
Femina af sts: 1 sivelhielae: ee ae ae 2 
SRR : Finis. vis Oe « See eee eee i 
Beet palpi oodcieed Geo tae ee eee ie 1 


Respectfully submitted, 


G. C. CALDWELL, 
G. W. CAVANAUGH. 


REPORT OF THE BOTANIST. 


To the Director of the Cornell University Agricultural Experi- 
ment Station : 

Sir.— I have the honor to present the following report of the 
work of the Botanical Division for the past year. 

The investigations on the edible and poisonous species of mush- 
rooms, which have been in progress for several years, have been 
continued, and considerable information upon the development of 
certain species, as well as on the presence of species new to the 
United States, has been gained. These investigations are of such a 
nature that they must be continued for many years to come, but the 
new information is available for the publication of brief bulletins 
from time to time, in which the matter of economic importance can 
be brought before our constituents. Likewise the investigations on 
the diseases of timber caused by fungi are continued, and a fund of 
useful information is thus being brought together. 

Mr. W. A. Murrill, the Assistant Cryptogamic Botanist appointed 
for the past year, has been prompt and successful in the discharge 
of his duties. He has been engaged separately in certain investiga- 
tions, and jointly with myself in others. He published a short bul- 
letin of inquiry on a root and trunk injury of apple trees, “The 
Crown Disease of the King Apple,” Cornell University Agricultu- 
ral Experiment Station, Oct. 31, 1899. 

He has continued some investigations begun by Dr. Duggar, on 
the prevention of leaf curl of the peach, the results of which were 
published in one of the bulletins, “The Prevention of Peach Leaf 
Curl.” Bulletin 180, March, 1900. Botanical Division Cornell 
University Agricultural Experiment Station. These results indicate 
that this serious disease can be checked if promptly and properly 
treated. 

Conjointly with myself he has been engaged in a study of the 
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troubles and diseases to which shade trees are subject, especially in 
cities. A great amount of interesting and important information 
has been gained which we hope to present for a future bulletin. 

Dr. Duggar, who has been absent on leave in Europe for the past 
year, now returns to us after a very profitable year’s study. He has 
had an opportunity while in Europe to make a study of several 
obscure organisms belonging to a genus which we have found is 
doing considerable injury in this country, especially the genus /?/zz- 
octonia. He will bring with him material of several species of this 
genus which he has collected on a number of different hosts in 
Europe. This will be made use of by him in a comparative study 
with the American species, and will assist him in clearing up much 
of the confusion which exists regarding this organism, and others 
which resemble it in the vegetative stage and in the mode of injury. 


Respectfully submitted, 
GEO. F. ATKINSON. 


REPORT OF THE ENTOMOLOGIST. 


To the Director of the Cornell University Agricultural Expert- 
ment Station : 

Srr.— As the Entomological work of the Station has been per- 
formed during the past year almost entirely by the Assistant Ento- 
mologist, I have requested him to prepare a report on it, which I 
herewith transmit. 

Very respectfully yours, 


J. H. COMSTOCK. 


To the Entomologist of the Cornell University Agricultural 
Experiment Station: 


Str.— During the past year the Entomological Division of the 
Station investigated a new insect pest of the cherry, which did 
much damage to this fruit in our State. The insect infests the fruit, 
and there is usually no indications of its presence until the ripe and 
luscious fruit is being prepared for canning or for the table. The 
pest seems to be well protected against a warfare with insecticides, 
and it will apparently prove a serious pest and one very difficult 
to combat. The results of our investigations were published in 
bulletin : 

No. 172. “The Cherry Fruit-Fly: A New Cherry Pest.” 

Our extensive experiments against the peach-tree borer were prac- 
tically concluded during the year and the results embodied in 
bulletin: 

No. 176. “ The Peach-tree Borer.” 

An abridged edition of this bulletin was published for general 
distribution. We expect to further test some of the methods dis- 
cussed in the bulletin again this year, as it is claimed that our results 
are not obtained with similar materials in other States; for instance, 


Missouri peach-growers assert that gas tar kills their trees, hence we 
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have obtained some Missouri gas tar to use on our trees which were 
uninjured by the New York product. 

A serious greenhouse pest, a little moth (Phlyctenia ferrugalis) 
whose caterpillar feeds upon the foliage of many greenhouse plants, 
has been investigated by a student, Mr. Franklin Sherman, Jr., and 
his observations and results may be embodied in a bulletin soon. 

We are now investigating an apparently new insect pest of the 
. Strawberry in this State. It is a leaf-roller, and it has done much 
damage in at least one locality, ruining half the crop. We have 
been successful in breeding the insect in the insectary and expect to 
get our results ready for publication during the coming year. 

A bulletin on canker-worms, embodying the results of our inves- 
tigations during the past two or three years, is in preparation. All 
of the four or five kinds of canker-worms now at work in the State 
will be fully illustrated in the bulletin. 

About 1,500 photographic negatives of injurious insects and their 
work have been made at the insectary during the past ten years, and 
this collection receives additions almost daily. These negatives 
have furnished the excellent half-tone illustrations used in our bul- 
letins, and we are now making a series of lantern slides, many of 
them colored from life, for illustrating lectures at Farmers’ Institutes 
and similar meetings. 

The correspondence of the Division continues to increase, and 
requires a large share of our time. We have attended during the 
year several Farmers’ Institutes and delivered addresses at the meet- 
ings of the Western and of the Eastern New York Horticultural 
Societies. 

Respectfully submitted, 


M. V. SLINGERLAND. 
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To the Director of the Cornell University Agricultural Kxperi- 
ment Station : 

Sir.— The principal lines of work which are now under investi- 
gation by this division are a continuation of the tillage experiments 
with potatoes ard sugar beets; variety experiments with sugar beets 
and beans; comparison of forage crops with reference to their 
adaptability to withstand drought ; renovation of pastures, and fer- 
tilizer experiments with various farm crops. A part of the series 
of permanent plats which has been cropped continuously for several 
years without the application of any fertilizers has now become so 
deficient in humus that the producing power is greatly reduced. 
An experiment has now been planned and started looking toward 
the restoration to fertility of this land by means of cover crops and 
green manuring. While it could be quickly brought into condition 
by means of fertilizer or manures, the purpose is to take a crop from 
the land each year and bring it up by means of “ catch crops.” In 
carrying out this experiment an acre of land has been taken on a 
neighboring farm, that being purposely selected which was in a 
very low state of fertility. This acre has been divided into three 
areas, and various means have been adopted looking toward its 
improvment. 

The use of silage is rapidly displacing soiling crops. A constantly 
increasing number of inquiries are being received asking for infor- 
mation concerning the construction of silos and the growth of crops 
suited for ensilage. That these inquiries may be answered correctly 
investigations are being conducted to determine the necessary losses 
of dry matter in silos of various construction, and also to determine 
the relative value of various crops for ensilage. 

During the winter feeding experiments were conducted with 


steers, the object being to determine the relative feeding value of 
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beet pulp and silage and the relative value of both these materials 
compared with good mixed hay. Thirty-two pigs were fed upon 
various rations to determine the feeding value of skimmed milk 
when fed in combination with various grain rations. Feeding 
experiments were also conducted with sheep. 

The experiments throughout the State conducted by this division 
have been in charge of Mr. J. L. Stone. They have largely con- 
sisted in investigations relating to sugar beets, potatoes and beans. 
The aim has been in all the work to make it of practical benefit to 
the farmers of the State, and it is believed that the Experiment 
Station is coming into closer relation each year with those whom it 
endeavors to aid. 

Respectfully submitted, 
L. A. CLINTON. 


REPORT OF THE HORTICULTURIST. 


To the Director of the Cornell University Agricultural Kxperi- 
ment Station : 

Sir.— In the past year there have been no important new 
departures in the work of the Horticultural Division of the Experi- 
ment Station. The chief line of inquiry is the investigation of 
matters relating to commercial fruit-growing, in which New York 
State excels. For many years the Cornell Experiment Station has 
been engaged in a propagandist movement for the better care of 
orchards, particularly with reference to clean tillage. At first the 
advice to keep orchards in clean tillage was rarely accepted ; but, 
at the present time, a most remarkable change of opinion has taken 
place. Most of the leading orchardists are now tilling their lands 
as carefully and thoroughly as they till corn or potatoes. This 
movement has been coincident with the movement looking toward 
the spraying of trees and the general increased attention to the 
destruction of insects and fungi. The result has been most gratify- 
ing. A number of profitable crops have raised the hopes of the 
fruit-growers of the State and have put the industry on a very 
profitable basis. Two or three dry seasons have also emphasized 
the value of conserving the moisture by clean tillage, thereby 
enabling the trees to bear a much finer quality of fruit. One of 
the next movements which needs to be inaugurated for the benefit 
of fruit-growers is one looking to greater care and attention in the 
harvesting and marketing of the produce. 

At the home Station at Ithaca experiments are continuing on 
the management of orchard plantations with respect to fertilizing, 
tilling, pruning, spraying, and the like. In the testing of varieties 
of fruits little is now being done with the exception of the Japanese 
plum and the strawberry. It is the belief of those who are work- 


ing in the Horticultural Division that the general or promiscuous 
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testing of varieties is of little avail. When the experimenter takes 
up one or two distinct lines of variety tests and follows them year 
by year, he should be able to produce results which are of distinet 
value. 

Next to the pomological interests in New York State are, per- 
haps, the floricultural interests. These are being watched and 
experiments are being made with many kinds of florist’s plants. 
Considerable attention has been given to the growing of Easter 
lilies and to the effect of the electric light and other treatment of 
the crop. These results have not been published. Coincident with 
these are continuing experiments on the chrysanthemum. A large 
line of annual flowers is being grown for the purpose of studying 
varieties, methods of culture, and the like. The Station has also 
had a very large collection of pelargoniums, and of these, after 
many of the unimportant varieties are sorted out, the number now 
comprises several hundred names. 

Some years ago the Horticultural Division undertook a series of 
systematic studies on the winter forcing of vegetables. Whilst this 
subject is not now neglected, it is nevertheless the desire to give 
chief attention during the winter months for a few years to the 
forcing of fruits. Already nectarines, apricots, peaches and cherries 
have been fruited with gratifying success, and the problems which 
are associated with the industry are becoming understood. The 
Division is also making a study of various problems associated with 
the growing of mushrooms. 

The Division is also growing a full set of the peaches which com- 
prise what is known as the national peach experiment. Duplicates 
of these trees are growing in many of the experiment stations, and 
it is expected that results of distinct value will be secured when the 
fruiting period arrives. Although these trees were propagated in 
Florida, they have withstood our climate remarkably well, only one 
variety having failed outright. Some of the trees are bearing the 
present season. 

The subjects associated with the spraying of plants are always to 
the fore. The testing of new machinery and new mixtures is 
carried on every year. However, the Department has taken the 
ground that it does not desire to test all the new compounds which 
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are put on the market merely because they are new. This position 
is similar to that which it has assumed in the testing of varieties. 
When persons send us seeds of a new variety, we reply that we are 
making no effort to test all the varieties of horticultural plants, but 
that if the variety in question belongs to a group to which we are 
giving special attention, we will grow it and report. When new 
insecticides and fungicides have gained a sufficient standing that 
horticulturists ask us for our opinion, we are ready to test them ; 
but there are so many of these compounds coming into the market 
each year that it seems to be scarcely worth while to give each one 
of them the laborious test and scientific study which would be 
demanded of a thorough-going investigation. 

More and more the Division is being asked for advice by the 
horticulturists of the State. We believe that a great part of the 
efficiency of the Division in the future will le in the giving of 
personal advice and the answering of specific questions from 


correspondents. 
Respectfully submitted, 


L. H. BAILEY. 
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REPOR)~OF THE VASSISTAN L ~PROEESSOR: OF 
DAIRY HUSBANDRY AND ANIMAL INDUSTRY. 


To the Director of the Cornell University Agricultural Experi- 
ment Station: 


Sir.— The work of the Dairy Division of the Experiment Station 
has been continued during the year mainly along the lines of pre- 
vious investigation, and three bulletins, viz., No. 171, “ Concerning 
Patents on Dilution Separators ;” No. 173, “The Relation of Food 
to Milk Fat;” and No. 178, “The Invasion of the Udder by Bac- 
teria,” have been published. An investigation upon the usefulness 
for food of sugar beet pulp has also been made during the year. 
This matter is exceedingly timely at present, and the results of the 
investigation will be published shortly. 

A work of considerable importance in the Dairy Division has 
been the supervision of butter records of thoroughbred cows at the 
homes of the owners. This work has been undertaken at the request 
of several of the Breeder’s associations and is done in accordance 
with the rules subjoined. 


ConpitTions GoveRNING Burrer TrEsts or THOROUGHBRED Cows. 


The Cornell University Agricultural Experiment Station will 
send an authorized representative to supervise the milk and butter 
record of thoroughbred cows for any one desiring such tests made, 
upon the following conditions: 

First — All tests shall be for seven consecutive days. 

Second — The person for whom the test is made will pay all 
expenses in connection with the test, and the compensation for the 
station representative conducting the test shall be $2 per day for 


each day of the test, unless otherwise arranged. The person for 
XXVii 


. 


XXVill Report oF Datry HvssBanpry. 


whom the test is made will also pay the necessary traveling expenses 
and provide for the accommodation of the station representative 
while conducting the test. 

Third — The cows shall be wholly under the control of the owner 
so far as kind and amount of food, time of milking and general 
treatment are concerned, but the representative of the Station shall 
have access to the cows at all times, in company with the owner or 
his representative. 

Fourth — The station representative will be required to make a 
report of the kinds and quantity of feed given during the test. 

Fifth —The owner shall furnish a statement of the name and 
herd book number of the cow, her age, and the time at which she 
dropped her last calf. 

Sixth — The records of all tests shali be the joint property of the 
owner of the animals and of the Cornell University Agricultural 
Experiment Station for purposes of publication. 

Seventh — Immediately after the completion of the test, the Cor- 
nell University Agricultural Experiment Station will give to the 
owner, over the signature of its proper officer, a properly verified 
statement of the amount of milk and fat produced by each cow 
during the test. 

Eighth — The Cornell University Agricultural Experiment Station 
will arrange dates, so far as possible, to suit the owners, but it can- 
not agree to make a test for any one at any specified time. 

Parties having cows which they wish tested under these con- 
ditions should correspond with 


H. E. WING. 
Professor of Dairy Husbandry, 
Cornell University, Ithaca, N. Y. 


DrIREcTIONS FOR STATION REPRESENTATIVE IN ConpucTING OFFICIAL 
Txrsts or Datry Cows. 


First — The representative of the station shall see the cow or 
cows milked dry before the beginning of the test, and the test shall 
end seven days thereafter at the same honr. 

Second — He must be present at each milking during the test 


Report or Darry HusBanpry. Xxix 


and satisfy himself that at the close of each milking the pail con- 
tains nothing but the milk drawn from the cow under test. 

Third —Under no circumstances shall more than one cow be 
milked at the same time. The station representative shall keep the 
milker in full view during the whole time of milking. Where 
more than one cow is under test the cows shall be milked in the 
same order at each milking. 

Fourth — Immediately after the milk is drawn the station repre- 
sentative will weigh the same on balances provided by the experi- 
ment station and enter the exact weight of milk at once on his 
records. He will then sample the milk as follows: 

Fifth— Immediately after weighing, the milk must be poured 
from one pail to another, then with a dipper, the milk must be 
stirred at least three times, from the bottom, taking care to empty 
the dipper each time. From the last dipperful take half a pint or 
more for the test sample. This test sample must remain in the 
possession of the representative or under his lock and key till the 
test is complete. Testing shall be done immediately after milking 
except when a milking is made at or near midnight. 

Sixth — Tests are always made in duplicate and the test sample 
must be preserved until a perfectly satisfactory test of the same has 
been made. 

Seventh — If any of the milk or the test sample from a milking 
is accidentally lost or is otherwise imperfect, it must be so reported 
with a note as to the character of the accident or omission. 

Kighth — At the time the test of each milking is made, a sample 
comprising as many cubic centimeters as the number of pounds in 
the milking, is taken for a composite sample of the whole test. 
Sufficient preservative must be used and the representative must be 
responsible for such composite sample till it is delivered to the 
proper officer of the station for a check test. 

Ninth — The station representative is not at liberty to waive or 
vary these directions in any particular. 

This work has been done largely by advanced and graduate students 
and as it is done at the expense of the individual owner it makes no 
burden upon the resources of the Station and at the same time 
affords a large mass of valuable material for the study of milk secre- 
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tion. During the past year the butter records of about one hundred 
and fifty cows, for seven days each, have been so supervised. 

Under the Agricultural Extension Mr. W. W. Hall, Instructor in 
Cheese Making in the Dairy Course, has devoted considerable time 
with excellent results in visiting and giving help and expert advice 
at creamery and cheese factories throughout the State. Sixty-five 
factories in thirty-three counties have been so visited during the year. 

The Dairy Division of the Experiment Station has suffered a loss 
in the resignation of Mr. Le Roy Anderson who for the two years 
past has been Assistant in the Division. Mr. Anderson leaves to 
establish a department of Animal Industry and Dairy Husbandry 
in the University of California. His services here have formed an 
important part of the work in this Division. 

Respectfully submitted, 


EE. WEG: 
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Concerning Patents on Gravity or Dilution Separators. 
The Cherry Fruit-Fly ; A New Cherry Pest. 

The Relation of Food to Milk-Fat. 

The Problem of Impoverished Lands. 

Fourth Report on Japanese Plums. 

The Peach-Tree Borer. 

Spraying Notes. 

The Invasion of the Udder by Bacteria. 
Introduction to Field Experiments with Fertilizers. 
The Prevention of Peach Leaf-Curl. 

Pollination in Orchards. 


Sugar Beet Investigations for 1899. 
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CONCERNING PATENTS ON GRAVITY OR 
DILUTION SEPARATORS. 


In Bulletin No. 151 published in August, 1898, the efficiency of 
these creaming devices was summed up as follows: 


“ Gravity or dilution separators are merely tin cans in which the 
separation of cream by gravity process is claimed to be aided by 
dilution with water. 

Under ordinary conditions the dilution is of no benefit. It may 
be of some use when the milk is all from ‘stripper’ cows, or when 
the temperature of melting ice cannot be secured. 

These cans are not ‘separators’ in the universally accepted sense 
of that term and cannot rank in efficiency with them. 

They are even less efficient than the best forms of deep setting 
systems, such as the Cooley Creamer. 

They are no more efficient than the old fashioned shallow pan; 
but perhaps require rather less labor.” 


These conditions have since been abundantly confirmed though 
there seem to be many who desire to use these cans on the score of 
the less labor required even though there may be in most cases some 
loss of fat. 

One of the chief misleading features used by the promoters of 
this system is the way in which the term separator is used to imply 
that the dilution process is equal in efficiency to a centrifugal sepa- 
rator. This is well shown by the following quotation from a recent 
circular of the “ Wheeler’s Gravity Cream Separator. 

“Those that keep.only one or two cows, as well as the large dairy- 
man, can have the advantage of a separator at a small cost, compared 
with the centrifugal separator or creamer.” 

In another way would-be users of the dilution process are being 
misled and this is in regard to the patents that have been issued or 


applied for on the dilution process or on the various styles of cans 
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in which it is to be used. At the present time certain parties are 
going about the state claiming a royalty from any who may be using 
the dilution process in any form of can but their own. The follow- 
ing is a type of the inquiries we are receiving concerning the matter. 


N. Y., May 26, 1899. 
Cornell University Experiment Station : 


There is in this vicinity an agent for the Wheeler Gravity Sepa- 
rator, who is trying to stop us from using every other separator or 
can of every description except his own, claiming that his manufae- 
turer has a patent on the process, and that we have no right to mix 
water with our milk for the purpose of raising the cream, except by 
using his cans or by paying a royalty to his manufacturer. 

Respectfully, 


This and similar inquiries have led us to make a careful examina- 
tion of the files of the Patent Office Gazette and we find that during 
the past year numerous patents have been granted on various forms 
of gravity separators and creaming cans. Briefly described they are 
as follows: 


Tue AQquatic CREAM SEPARATOR. 


This is manufactured under patent No. 605,252, granted June 7, 
1898, to C. L. & F. G. Lee. Its character is shown by the follow- 
ing extract from the specifications and the claim under which the 
patent was granted. 

“The improved results obtained by our apparatus are as follows: 
The milk is poured through the strainer D into the aerator C, 
whereby the sediment is removed therefrom. The milk then passes 
through the perforated botton 2 of the aerator and is sprayed upon 
the conical top of the cover / of the cooler B, whereby it is deprived 
of its animal heat, and thence passes down the outside of the cooler. 
It is then allowed to stand until the temperature thereof is reduced 
sufficiently in order to prevent congealing of the same. The milk 
is then diluted by the introduction of water and is allowed to remain 
tranquil a sufficient period of time to allow the cream to rise to the 
top thereof, which action can be readily ascertained by means of 
a sight-glass m, secured in the side of the can A.” 

“What we claim is — 


GRaAvity or Ditution SEPARATORS. 5 


An apparatus for separating cream from milk comprising a milk- 
can provided with a centrally-depressed bottom and having an out- 
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1.— The Aquatic Cream Separators. 


let in the center of said bottom, a cooler within said can and _pro- 
vided on its bottom with feet supporting the cooler over said outlet 
with passages under the cooler, said feet serving to prevent eddying 
of the outflowing liquid and causing a draft of said liquid equally 
from all sides of the can to the outlet and also promoting the dis- 
charge of the sediment from the bottom of the can as substantially 
described.” 

It will be seen that the peculiarity of this apparatus consists in 
the central cooler supported upon little legs over the outlet in the 
center of the bottom of the can and that while dilution is mentioned 
in the specifications as essential to the “improved results” the claim 
is on the form of the can only and not upon the dilution. As a 
matter of fact this “separator” was at first made without legs to 
the cooler and with the outlet to the side, thus entirely ignoring the 
claim. A recent letter from the manufacturers says, “ We are mak- 
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ing the ‘Aquatic’ Cream Separator under patent No. 605,252, 
granted June 7, 1898. We also manufacture cheaper cans for the 
dilute process, but of course know that they will not do as good 
work.” 


THAYER’s CREAM SEPARATOR. 


This constitutes patent No. 608,311, granted Augnst 2, 1898, to 
Julius W. Thayer of Milton, Iowa. 

The following extract from the specifications shows that dilution 
is considered an important part of the process though nothing what- 
ever is said about it in the claim. 

“Tn operation the milk while warm (as immediately after milk- 
ing) is strained and introduced into the receptacle, after which water 
at a lower temperature than the milk (and preferably at a consider- 
ably lower temperature) is introduced through the tube 8 and gains 
access to the interior of the receptacle at the lowest point thereof. 
Obviously the extension of the inlet-tube approximately throughout 
the longitudinal center of the bottom of the receptacle has the effect 
of chilling the contiguous portions of the contents, and as the water 
enters and commingles with the milk the chilling thereof results in 
the separation of the cream which, rising to the top, remains sup- 
ported by the heavier contents of the receptacle until the latter have 
withdrawn through the faucet. The mixture of milk and water 
may be withdrawn to lower the level of the under surface of the 
cream to the most depressed point of the bottom of the receptacle, 
this point in the operation being visible through the sight-pane. 

“Jt will be seen that in addition to the advantage gained by 
introducing the cooling agent at the lowest point of the bottom of 
the receptacle the inclination of the longitudinal center of said 
bottom and the lateral inclination of the side portions of the bottom 
have the effect of concentrating a lower stratum of the contents con- 
tiguous to the faucet, whereby in drawing off the milk almost the 
entire quantity thereof may be removed without disturbing the 
cream. The usual time necessary for accomplishing the complete 
separation of the cream from the milk is from twenty to thirty min- 
utes, as I have discovered in practice.” 

“ Having described my invention, what I claim is — 


GRAVITY OR DinuTION SEPARATORS. if 


1. A cream separator having a receptacle provided with a bottom 
of which the side portions are inclined downwardly and inwardly to 
the longitudinal center thereof, said longitudinal center being inclined 


Fig2 
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2.— Thayer’s Cream Separator. 


downwardly from the rear toward the front wall of the receptacle, 
a faucet communicating with the receptacle at the most depressed 
point of its bottom, and an inlet tube having an exposed inlet end, 
and an extension 9 arranged within the receptacle upon the inclined 
longitudinal center of its bottom, with its outlet end located con- 
tiguous to the said most depressed portion of the bottom of the 
receptacle, substantially as specified. 

2. A cream-separator having a receptacle of which the bottom is 
inclined laterally from the side walls toward a central longitudinal 
line, this longitudinal center being inclined downwardly from the 
rear toward the front wall, a removable cover fitted upon the 
receptacle and provided with a ventilating-opening fitted with a 
gauze screen, a faucet communicating with the interior of the 
receptacle at the lowest point of its bottom, a vertical sight-pane 
through which the contents of the receptacle may be observed, and 
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aa inlet-tube having an exposed inlet end, and arranged at its outlet 
end contiguous to said depressed point of the bottom, an interme- 
diate portion of the inlet-tube extending through the receptacle, 
substantially as specified.” 

The peculiar feature of this “separator” seems to be the tube 
through which the water is added. A letter addressed to the 
inventor was returned undelivered and it is not likely that this 
machine is on the market. 


Puiuures’ CREAM SEPARATOR. 


The patent on this “invention ” is No. 609,461 ; it was granted 
Aug. 23, 1898, to John E. Phillips, Central Square, N. Y , and its 
operation and the claims for the patent are described in the follow- 
ing fanciful language : 

“By practical tests it has been found that the separation of the 
cream from the milk is promoted by dilution of the milk, and this 
has been usually done by pouring water into the milk at the time of 
setting the same to allow the cream to rise to the surface of the 
diluted milk. 

“The object of my present invention is to effect the separation 
of the cream from the milk more perfectly and expeditiously by 
dilution of the milk during the process of separating the cream 
therefrom ; and to that end the invention consists in causing the 
milk containing the cream to fall in separate drops upon the surface 
of a tranquil body of water or suitable diluting liquid, and thereby 
diluting each drop separately and causing the cream thereof to be 
gathered on the surface of said liquid during the dilution of the 
drop. Said drops falling upon the water in the can, each drop is 
diluted separately and the cream thereof is detained upon the top 
of the water, while the milk becomes commingled with the water. 
In this manner the process of separating the cream from the milk is 
very much expedited and the separation is rendered more positive 
and effectual.” 

“ What I claim as my invention is — 

The within described process of separating cream from milk by 
specific gravity, consisting in causing the creamy milk to fall in 


Gravity or Ditution SEPARATORS. 9 


separate drops through the air onto the surface of a tranquil body of 
diluting liquid, and thereby diluting each drop separately, and by 
the gentle diffusion of the milk of the successive drops in the 


3.— Phillips’ Cream Separator. 


diluting liquid causing the cream thereof to become separated from 
the diluted milk and form a stratum of cream upon the surface of 
the tranquil liquid, and subsequently drawing the diluted milk from 
under the supernatent stratum of cream as set forth.” 

Without raising the question of the advantage or disadvantage of 
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diluting “creamy ” milk, would-be users of the dilution process may 
be assured that they are in danger of infringing the Phillips patent 
only when they “dilute each drop separately.” However desirable 
it may be to “dilute each drop separately,” it is extremely doubtful 
if it can be done even by using the Phillips can. 


Rector’s CREAMING CAN. 


The patent on this can is No. 611,275. It was granted Sept. 
27, 1898, to Jas. A. Rector, Lancaster, Mo. The peculiar feature 


4.— Rector’s Creaming Can. 


of this can seems to be the central tube or “distributing head” 
through which the water is introduced. While dilution with water 


GRAvity or Dinution SEPARATORS. 11 


is an essential feature of the operation of this can, as is seen by the 
following extract from the specifications, it will be further noticed 
that nothing whatever is claimed for dilution in the “claim” under 
which the patent is granted. 

“Tn operation the milk is first placed in the can. The distribut- 
ing device is then inserted. Water of low temperature is after- 
ward introduced into the funnel at the top of the distributer. The 
water, being cold, immediately settles to the bottom, and being dis- 
tributed regularly through the apertures of the distributing-head of 
the distributer, rises through the bottom of the can, carrying the 
particles of cream upward, while the blue milk is assimilated, the 
cream floating on the top. The milk is allowed to stand in this 
condition for a few moments, and the water and blue milk are then 
drawn off through the opening in the bottom of the can, leaving the 
cream in the can, from which it may be drawn at any time through 
the bottom opening. 

“T have found that cream can be separated from milk very rap- 
idly by this means and with but little trouble, the animal heat of 
the milk passing off through the perforated top.” 

“Waving thus described the invention, what is claimed, and 
desired to be secured by Letters Patent, is 

In a creaming-can the combination with the can-body having a 
conical base formed with a discharge-opening in its apex, and a 
neck, of a distributing device located wholly within the can and 
consisting of a tube having a funnel-shaped upper end positioned in 
the neck and a perforated distributer at the lower end of the tube 
resting on the bottom, substantially as described.” 


WHEELER’s GRAVITY CREAM SEPARATOR. 


Although several rivals secured patents earlier, this is claimed to 
be the only “true and original” gravity separator. On Noy. 22, 
1898, a patent (No. 29,715) was issued to G. T. Wheeler, Mexico, 
N. Y., on the deszgn for a can as shown in the cut. So far as we 
have been able to discover the only novel feature of this can lies in 
the fact that the bottom is both curved and slanting. Up to August, 
1898, this separator was made and sold with a flat bottom, so that 
the peculiar shape of the bottom cannot be considered as essential 
even by the “ inventors.” 
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It is this concern that has been most strenuous as to the advan- 
tages of dilution and their extravagant claims as published in 
Bulletin No. 15% 
have been frequently 
copied and adopted 
by the manufacturers 
of the other styles of 
cans. Itis the agents 
of the Wheeler sepa- 
rator, too, that we 
have most frequently 
heard of as claiming 
a patent on the pro- 
cess of dilution and 
demanding a royalty 
therefor. Weare per- 
sonally assured by 
the manager however, 
that they are not now claiming a patent on the process and are so 
instructing their agents. 


oF 


5.— Wheeler's Gravity Cream Separator, 


Honrt’s Creamine Oan. 


The patent on this can is No. 619,753 and it was granted Feb. 
21, 1899, to Henry S. Hunt, Cato, N. Y. Its essential features are 
shown in the following extract from the specifications and the claim 
in full: 

“Tn operation my invention of improved creaming-can is used as 
follows: Equal quantities of milk and water are placed in the vessel 
A, being run through a straining cloth secured over the top of the 
can, and the mixture is permitted to stand in the vessel A until the 
cream rises thereon, during which time the cap C is held in the 
position shown in Fig. 2, where the wire-cloth ¢ is elevated above 
the tube B, so as to permit the free passage of air through said tube 
B for the purpose of providing a sufficient draft to carry off any 
deleterious gases which might arise from the milk and water, or 
which might otherwise be permitted to contaminate the cream.” 

“ Having described my invention, what I claim as new, and desire 
to secure by Letters Patent, is — 


GRAVITY oR DILUTION SEPARATORS. ils: 


In a creaming-can, the cylindrical shell A, provided with a bot- 
tom which slopes toward one side, and which is raised a suitable dis- 
tance above the lower end of the shell, a faucet secured to the bot- 
tom and inclosed by the chamber in the lower end of the shell, and 
a central draft-tube which extends vertically in the shell within a 
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6.— Hunt's Creaming Can. 


short distance of its top, and which tube has its lower end to extend 
a suitable distance below the bottom, and which tube has its lower 
end braced by the portion A (see cut), combined with a perforated 
cover D which is placed over the lower end of the tube, and the 
cap C placed above the end of the tube and provided with suitable 
perforations, substantially as shown and described.” 
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It will be noticed that nothing whatever is said in the claim as to 
dilution and that the peculiar feature of the can rests in the “ ven- 
tilating” tube passing through the middle of the can. This feature 
in actual practice has not only proved to be of no advantage but is 
a decided nuisance in washing and handling the can. 


Rospack’s Cream SEPARATOR. 
This is a can patented by Joshua A. Rosback, Hermon, N. Y. 
The patent is No. 624,100 and was granted May 2, 1899. As will 


7.— Rosback’s Cream Separator. 


be seen by the extracts below, while dilution is recommended, the 
claim for the patent covers only the form of the strainer over the 
port to the faucet. 
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“The mode of practicing the invention is as follows: The milk is 
taken direct from the cow and placed in the can, and an equal 
amount of fresh cold water is added. The can is then placed in a 
cool place and is permitted to stand. The cream will rise to the top 
and the milk and water will settle to the bottom of the can.” 

‘“‘ Having described my invention, what I claim as new, and desire 
to secure by Letters Patent, is— 

A cream-separator consisting of a can, a faucet located near the 
bottom thereof, a convexed strainer located over the port to the 
faucet, the top of said strainer being imperforate and slanting at an 
angle toward the center of the can.” 


Dory’s CrEAM SEPARATOR. 


This was patented May 2, 1899, by Ellsworth P. Doty, Cato, N. 
Y., and bears the number 624,194. This like all the others men- 
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8.— Doty’s Cream Separator. 
tions: dilution as a part of the process, but the claim is only on an 
unimportant part of the can as the following extract from the speci" 
fications shows. 
“The milk poured into the concave top or hopper is strained, 
falls onto the sprayer, flows over its surface, is discharged from its 
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edges in streams, more or less of which fly against the convexity or 
neck-wall of the can and are thereby broken up into drops, which 
are deflected toward the center of the can or flow down over its 
inner walls and are thereby thoroughly aerated, the heated or dis- 
placed air flowing out through the vents, carrying with it the ani- 
mal odor of the milk. 

“Tf water is used to dilute the milk and expand the cream- 
globules to facilitate or quicken the raising of the cream, a sufficient 
quantity is first placed in the can and the milk falls into it.” 

“Having described my invention, what I claim, and desire to 
secure by Letters Patent, is— 

In a cream-separator, the combination with a can having a con- 
stricted neck of a reversible concavo-convex cover having upward 
and downward flanges adjacent to its edge and in alignment with 
each other, a strainer at the center of said cover, spring-fingers sepa- 
rately secured to the convex side of said cover on converging lines 
and diverging from it, and a concavo-convex sprayer removably 
supported by said fingers adjacent to said extremities whereby the 
milk is thrown from said sprayer against said constricted neck and 
is thereby broken up.” 

In addition to these, two patents on designs have been recently 
issued, one, 30,741, on May 9, 1899, to Simon Reinsberg, Quincy, 
Ill., for a distributor similar to Rector’s, the other 30,962 on June 
6, 1899, to Frank C. Hawkins, Breesport, N. Y., for the bottom of 
a can similar to Wheeler’s. 

A striking similarity is observable in all these patents. In none 
of them except Phillips’ is dilution mentioned in the claim, and 
there it covers not the dilution itself but the manner of it. In all 
of them, however, dilution is mentioned in the description as an 
essential part of the process. It would seem, therefore, that in 
patenting some minute or unessential feature of the can these peo- 
ple have sought to convey to the uninformed the idea that the whole 
can, process and all was subject to the patent. This is further borne 
out by the attempt in some cases to collect royalty from people 
using the dilution process in Cooley or other cans. Since some 
manufacturers have stated that an application has been made for a 
patent covering the process of diluting milk with water to facilitate 
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the raising of the cream, it may be well to look into the matter of 
the possibility of such a patent being granted. 

In the language of the patent office an invention, in order to 
receive a patent, must present “novel, useful, and patentable sub- 
ject matter.’ Waiving altogether or granting entirely the useful- 
ness and patentability of this process let us look only into its novelty. 
The process was certainly well known as early as 1890, for in that 
year it was the subject of investigation and report by at least three 
Agricultural Experiment Stations * in widely separated parts of the 
country. It has been argued that these reports, since they did not 
recommend the practice, should not be considered as evidence that 
the process was “well known and in common use.” But one, at 
least, of the publications cited + did strongly recommend the process, 
and if recommendation were necessary to constitute publicity it 
would be easy to find it in the agricultural and dairy press of that 
period. The late Col. F. D. Curtis, to the personal knowledge of 
the writer, strongly recommended the dilutive process at numerous 
farmers’ institutes in this state during the winters of 1889--90 and 
1890-91, and frequently also recommended it in the press. t 

Prof. E. F. Ladd, then of the State Agricultural Experiment 
Station at Geneva, now of the North Dakota Agricultural Experi- 
ment Station, also recommended § it under certain conditions, and it 
was frequently mentioned by other writers. It is also recommended 
for use in connection with the Cooley creamer in circular No. 214 
of the Vermont Farm Machine Co., page 10. Under date of May 
31, 1899, Mr. N. G. Williams, the manager of the company, informs 
me concerning the above. “ These particulars were in April, 1890, 
and have been published in our circulars ever since. We had 
recommended it (dilution) before this.” The process was then well 
known over large portions of the country at least nine years ago, 
but had almost completely disappeared from public view till revived 
by these boomers of patent cans about two years ago. 


*Vt. Agr. Expt. Sta. Newspaper Bulletin No. 3; Cornell Univ. Agr. Expt. 
Sta. Bull. No. 20, and Univ. of Illinois Agr. Expt. Sta. Bull. No. 12, p. 876. 

+Vt. Agr. Expt. Sta. Bull. No. 3. 

tCountry Gentleman, Dec. 12, 1889, p. 945; July 31, 1890, p. 611, and Aug. 21, 
1890, p. 662. 

SRural New- Yorker, Aug. 16, 1890, p. 527. 
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ConcLUSIONS. 


Several patents have been granted covering unimportant details 
of the construction of cans in which the dilution of milk with water 
is recommended to facilitate the separation of the cream. 

Any one desiring to use this process of doubtful utility is perfectly 
free to do so without let or hindrance from the holder of any patent 
right whatever. 

The Cornell University Agricultural Experiment Station will 
esteem it a favor to be put in communication with any one who is 
demanding a royalty from persons who are diluting their milk in 
order to facilitate the raising of the cream. 
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THE, GHERRYOFRUEAPLY: 


Rhagoletis cingulata? Loew. 
Order Drerera ; sub-family TrypErtina. 


The growing of cherries is already an important phase of the 
fruit industry of New York and neighboring states. And cherry 
orchards now frequently supplement the few cherry trees often 
seen in door-yards, in gardens, or along 
lanes and roadsides. Everyone who eats 
this luscious fruit when fresh is familiar 
with the fact that cherries are often 


= bs 


se wormy. Most cherry growers now un- 


derstand that the cause of “ wormy” cher- 
ries is that arch enemy of the plum—the 9.— The plum cureulio, en- 


plum eurculio, shown enlarged in figure 9. langed.:\ Ike tnsect which 
“stings” or makes the 
crescent cut on the cherry, 
beetle is a very discouraging factor to the — and is responsible for most 


cherry grower; and the resulting white  ‘‘wormy” cherries. 


The crescent cut or “sting” of this little 


and footless grub, with a brownish horny 

head, which revels in the juicy fruit, is a familiar and distracting 
object to most housewives. In view of these discouraging facts, we 
are somewhat loath to announce to cherry growers, through the 
medium of this bulletin, that another, and possibly even a more seri- 
ous insect enemy, has recently appeared in at least one Massachu- 
setts and in several New York cherry orchards. This new cherry 
pest works in the fruit, as does the plum cureulio, and while it is 
capable of being equally as destructive, it also works in a much 
more inconspicuous manner. One can usually readily determine 
when a cherry is “ wormy” from the attacks of the plum cureulio, 
but this new pest gets in its work in such a way that the fruit it 
infests might easily be classed among the fairest and best on the tree, 


or in the dish on our breakfast table. 
23 
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From the above statements, cherry growers can readily under- 
stand how serious a menace to their business this new pest might 
easily become, and how important it will be for them to learn all 
they can about it. 

As we made onr first acquaintance with the pest only about two 
months ago, we have had no opportunity to fully investigate its 
habits, and hence cannot tell its life-story in detail. For the same 
reason, we have not tested any remedial measures to control it, but, 
fortunately, we have at hand the literature giving the results of 
experiments against similar insect pests working in the fruits of 
European countries and of our antipodal neighbors in Australia, 
New Zealand and South Africa. This bulletin is therefore simply a 
preliminary report for the purpose of calling the attention of cherry 
growers to this new pest, with an account of what measures have 
been used against similar pests, all with a view of helping the 
growers of cherries to understand the nature of the enemy and to be 
on the lookout for it. 


CHARACTERISTICS OF THE NEw Pest. 


This new insect enemy of cherries is very different from the 
plum cureulio, which has heretofore been justly accused of being 
the cause of all ““wormy” cherries. The grub of the plum cur- 
culio is shown much enlarged in figure 10, while the “ worm” which 
has been found in from one-fourth to one-third 
of the cherries on some trees the past summer, 
is shown, natural size and enlarged, in figure 11. 
As a comparison of these figures will show, this 
new cherry “ worm” is quite different and can be 
easily distinguished from the grub (name applied 
to the larva of a beetle) of the plum curculio. 
This new cherry “worm” is instead a true 
maggot, 4 name given to the larve of the 

: two-winged insects —the flies, like the common 
10.— The grub of the house fly. 
site Pls lds The shape and size of these cherry maggots, 
ally the culprit found When full-grown, are well shown in figure 11. 
in “wormy” cher- hey are of a very light yellowish-white color. 
ue From each side of the body near the head pro- 


Prater I. 


11.— Dorsal and lateral views of maggot of the cherry-fly. Natural size and much 
enlarged. 


12.— Rhagoletis cingulata Leew., The fly which is supposed to be the adult or parent 
of the cherry maggot. The fly is shown natural size and enlarged, with wings 
spread and in the normal position when the fly isat rest. The enlarged wing below 
illustrates a variation in the markings. 
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jects a minute, light-brown, fan-shaped organ, which is the cephalic 
opening of the breeding tubes; the caudal openings of these tubes 
or trachea form two peculiar, light-brown, slightly elevated, slit-like 
openings on the caudal end of the body. The mouth-parts consist 
of two black, minute, sharp, rasping jaws which usually project 
slightly from the pointed head. i 

We have as yet found no characteristics by which we can distin- 
guish these cherry maggots from that common pest of the apple — 
the apple maggot. And we are not yet sure that this new cherry © 
pest is not the apple maggot in a new role. 

These maggots, which spend practically their whole life in the 
flesh of the cherry, are the only stage of the insect with which the 
consumers and most of the growers of the fruit will become familiar. 

The maggots hatch from eggs laid by a pretty little fly, resem- 
bling in shape, but somewhat smaller than the common house-fly. 
We cannot know with absolute certainty just what kind of a fly is 
the parent of the cherry maggot until some of the maggots now in 
our breeding cages transform into the fly, and this will not take 
place until next spring. But for reasons to be given later on in dis- 
cussing the identity of this new pest, we think that the adult form 
of it is the fly, shown natural size and enlarged, in figure 12. The 
body of this fly is black, and its head and legs are of a light yellow- 
ish-brown color; the lateral borders of the thorax are light yellow; 
the caudal borders of the segments of the abdomen are whitish; the 
wings and the scutellum are crossed by four blackish bands and 
have a blackish spot at their tip; this spot is sometimes confluent 
with the nearest band, as shown in the enlarged figure of a wing in 
the lower part of figure 12. The peculiar arrangement of these 
markings on its wings serves to easily distinguish this fly from any 
of its near known relatives. 

One cherry grower tells us that he saw many of these flies on his 
trees when the fruit was being picked. He stated that the flies. 
were then somewhat sluggish in their movements, often alighting 
on the picker’s hand. Their black-banded wings render these flies 
quite conspicuous objects as they flit about from cherry to cherry, 
so that cherry growers should be able to familiarize themselves with 
the adult or fly stage of this new enemy. 
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How Anpd WHEN THE Insect Works. 


Unfortunately this cherry maggot works in a very inconspicuous 
manner, so that it will be a difficult matter to determine its presence 
until the mischief is wrought. All of those who suffered from its 
ravages the past summer did not know of its presence until their 
attention was called to it by the consumers of the cherries. One 


13.— Cherries infested by the Cherry Fruit-fly. All the cherries contained maggots although 
the upper ones showed no external indications of being infested. Natural size. 


grower picked two basketsful of what seemed to be the fairest and 
largest cherries, and took them home forcanning. When the house- 
wife came to pit them she was much surprised and disgusted to find 
that many of them were “wormy” with these cherry maggots. 
The two cherries in the upper part of figure 13 contained maggots, 
although they were apparently perfect fruits externally. If the 
cherries are allowed to remain on the tree, or are not used within a 
few days after picking, the work of the maggot will result in a 
rotting and sinking in of a portion of the fruit, as is shown by the 
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five cherries in the lower part of figure 13. When this stage is 
reached, or often even before the fruit shows signs of rotting, the 
maggots are usually full- 
grown and soon crawl out 
of the fruits. One lover of 
this luscious fruit reports 
that when some cherries 
which had been left over 
from a meal the preced- 
ing day, were placed on 
the table the next morning 
for breakfast, it was found 
that several maggots had 
crawled out during the 
night. He is now wonder- 
ing how many maggots BGS 
were unwittingly eaten the 14, — Seetion of a cherry, enlarged, to show the 
day before ! maggot and the nature of its work. The 
small figures above show the maggot 


and its supposed parent, the fruit-fly. 
Natural size, 


The work of this cherry 
maggot is well illustrated 
in the enlarged picture of 
a cherry in section, in figure 14. The maggots feed upon the juicy 
flesh of the ripening cherry, usually near the pit. They form an 
irregular, rotten-appearing cavity which is represented by the black 
cavity near the pit in figure 14. Until the maggots get nearly full- 
grown their work does not show on the surface of the frnit. Soon 
after “ picking-time,” however, the rotting extends to the skin 
which sinks in. Usually but a single maggot is found in a cherry ; 
we have sometimes found a second, but always much smaller, mag- 
got in the same fruit. The maggots do not tunnel all through the 
flesh of the cherry as does the apple maggot in apples. 

We have had no opportunity to ascertain when this cherry mag- 
got begins its work in the fruit. The maggot which works in 
cherries in Europe is said to begin work about the time the fruits 
are turning red, and there are indications that our new American 
pest begins about the same time. It is doubtful if the maggots feed 
more than three weeks in the fruit, and most of this must be done 
in the month of June. The maggots may begin their work in the 
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latter part of May in early varieties of cherries, and we have found 
them in cherries left on the trees as late as August 5th. We also 
saw many of what we believe to be the adult insect on the cherries 
at this late date; Mr. Lowe reports finding young maggots in fruits 
as late as August 16th. Our Massachusetts correspondent reports 
that some of his cherries began to “spoil” even before they had 
fully matured. 


VARIETIES OF CHERRIES ATTACKED. 


The European cherry maggot is said to confine its work to the 
sweet and sub-acid varieties, but its new American congener seems 
to be less particular in its tastes. The Massachusetts parties who 
first called our attention to the insect write us that “ all our cherries 
were badly infested, the Downer and the black ones, but the Morel- 
los were the worst.” At Ithaca, N. Y., only the early varieties are 
reported infested ; while at Geneva, N. Y., the insect confined its 
work this year mostly to the English Morello and the Montmorency 
varieties, the latter being the worst infested. It thus seems that the 
pest may attack all varieties of cherries whether sweet, sub-acid, or 
sour, or whether early or late ; the Morello and Montmorency varie- 
ties seem to have suffered the most this year. 


Ir May Arrack Piums or Prunes. 


One grower at Geneva, N. Y., reports that he fears the same 
insect worked in his prunes last year. Ten years ago maggots were 
found working in both cherries and plums in Northern Michigan. 
These were thought to have been the apple maggot, but we believe 
they were identical with those which have worked in the cherries 
of New York and Massachusetts this year. Our correspondents 
report that thus far this year they have found no indications of the 
maggots in their plums or prunes. It would not be surprising to find 
the maggots working in these fruits, which are oftentimes grown 
nearby, as they are not very dissimilar in their nature to the cherry. 
Thus growers of plums and prunes, as well as of cherries, should 
familiarize themselves with this serious menace to their business. 
Should anyone find maggots or “ worms” of any kind in plums or 
prunes, we would like to be notified of the fact at once. 


30 Bouryetin 172. 


Irs DistrrBuTION AND DESTRUCTIVENESS. 

We have evidence of the work of this new cherry pest this year 
from Belmont, Mass., and Ithaca and Geneva, N.Y. The fly which 
we found on the fruit at Geneva, and which we feel quite sure is the 
adult insect, is recorded from the Middle States only. It was doubt- 
less the same insect which worked in Northern Michigan ten years 
ago, as noted above. Thus cherry growers in the Eastern, Middle 
and Northern States should be on the lookout for the pest. 

At Belmont, Mass., about one-third of a six or seven-ton crop of 
cherries were ruined by the maggots this year. The pest also 
destroyed from one-fourth to one-third of the crop of English 
Morello and Montmorency cherries in one orchard at Geneva, N. Y. 
These facts show that the new pest will become a serious menace to 
cherry growing in certain sections. Another serious phase of the 
matter is the fact that the presence of the pest may not be known 
until the fruit gets into the hands of the consumers, and such fruit 
will not help in making future sales to the same parties. 


Irs History, Ipentiry anp Name. 

So far as we can find there are recorded but two earlier instances 
where maggots have been found in cherries in America.* For more 
than a century European cherry growers have suffered from the 
ravages of a maggot in the fruit. The first record we find of mag- 
gots in cherries in America was made by Dr. Hagan, of Cambridge, 
Mass., in 1883. That year maggots were very common in the fruit 
of a black cherry tree imported from Prussia and set in his garden 
ten years before. He found no differences between his maggots and 
pupze and those of the European cherry maggot, but stated that this 
was not sufficient evidence to prove the specific identity of the two 
cherry pests. He expected to raise the adult insect and thus settle 
the identity of our American cherry maggot, but evidently he did 
not rear the fly, as we are informed that no flies or even any of the 
maggots are to be found in the collections at Cambridge. It is an 
interesting fact that we received our first intimation of the existence 


* Although the bibliography appended to this bulletin includes several refer- 
ences to cherries being found infested by maggots, it may be noted that the 
records of Cook, Cordley and Davis all refer to the same case of infestation. 
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of such a pest from Belmont, Mass., which is only a few miles from 
where Dr. Hagen found cherry maggots in 1883. 

In 1889, specimens of cherries and plums badly infested with 
maggots were received at the Michigan Experiment Station from 
northern Michigan. Brief notices of this infestation were soon 
published (see bibliography) by Cook, Cordley and Davis. Cordley 
stated that “from the accounts of our correspondents describing the 
attack, and from a close examination of both the larva and pupal 
stages of the insects received, the cherries and plums seem to be badly 
infested with Zrypeta pomonella (the apple maggot). Whether 
these are the descendants of small Trypetas which had formerly 
acquired a taste for apples, or whether certain individuals of those 
feeding upon the hawthorn have ‘ dropped their plebeian tastes and 
adopted a more refined table regimen,’ it is unsafe to say, but from 
the fact that the apple maggot has never been known to attack the 
apple of northern Michigan, and from the fact that while the apple 
maggot is abundant on hawthorn everywhere in Michigan, and as it 
has not attacked the cherries nor plums elsewhere, it seems probable 
that a cherry and plum loving race of the apple maggot has devel- 
oped or is being developed in northern Michigan, directly from 
those which fed upon the hawthorn.” Unfortunately none of the 
adult insects seem to have been bred, and we are informed that 
even none of the maggots are to be found in the Michigan College 
collection. 

Some of the Geneva cherry growers noticed a few maggots in 
their cherries last year, and we are informed that they have been 
seen at Ithaca for a year or more, while our afflicted correspondent at 
Belmont, Mass., reports that they think their fruit has been infested 
for the last four or five years, but not nearly so bad as this year. 

While there seems to be no evidence extant to ever enable one 
to determine just what insect is responsible for these two earlier 
records of maggots in cherries, yet we think the cherry maggots we 
received this year are the same as those previously recorded. And 
we furthermore seriously doubt if this new cherry pest is the same 

as the common apple maggot (hagoletis pomonella) in spite of the 
~ fact that we, like Cordley, have been unable to distinguish between 
the maggots found in cherries and those working in apple. 
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The facts recorded by Cordley, as quoted above, strongly indicate 
that the cherry maggot is a different and distinct insect, and we sub- 
mit the following evidence in support of this theory. On August 
4th we visited an infested orchard at Geneva, N. Y., and found 
quite a number of English Morello cherries still on the trees, and 
one or two trees bore many fruits of what the owner called a “sport” 
or reversion from the English Morello. Many of the fruits con- 
tained the maggots, and we soon saw many of the little flies shown 
in figure 12, on the trees, almost always on the fruits. Several of 
the flies were captured and found to be a species described in 1862 
as L?hagoletis cingulata, from the Middle States. This fly is thus 
a very near relative of the apple maggot (/?hagoletis pomonella), 
and a still more significant point is the fact that Loew, in his original 
description of the fly we found on the cherries, says it is closely 
allied to the fly of the European cherry maggot.. As Doane (1898) 
has recorded, six species (one, zephyria, may prove to be asynonym) 
of flies of the genus hagoletis have been described from the United 
States. The habits are known of only two of these flies (22. pomo- 
nella, the apple maggot, and 2. ribicola, the dark currant fly), and 
the maggots of these live in fruits. 

As we saw no similar flies on the cherry trees, as we found PRhago- 
letis cingulata on the fruits, in considerable numbers, and in view 
of the facts just submitted regarding the relationships and probable 
fruit-feeding habits of this fly, it is easy to understand why we have 
been lead to think that the fly in figure 12 is the adult of our American 
cherry maggot, and that, therefore, this maggot is a distinct species 
from the apple maggot. When the adult insects emerge in our 
breeding cages next spring, our theory, outlined above, may be 
demolished, as we may get apple maggot flies or something else 
entirely unexpected, but this will not materially affect the purpose 
of this bulletin to record all we have been able to glean regarding 
an insect, whether old or new, which may certainly be classed. as a 
new cherry pest. 

For this new cherry pest we would propose the popular name of 
the Cherry Fruit-fly. We prefer this name to the Cherry Maggot, 
as it is more expressive of the-insect’s habits, and similar fruit-inhab- 
iting maggots in other countries are known as Hrwit-flies. 
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Posstpte Narorat Foop-Piants or THE Insect. 

If this cherry fruit-fly turns out to be the well-known apple-mag- 
got fly, then, of course, its native or original food-plant is the haw- 
thorn. But if this new cherry pest is Rhagoletis cingulata, or some 
insect other than the apple maggot, then we must look to the native 
species of wild cherries, or possibly wild plums, and also to the species 
of Berberis and Lonicera for its natural food-plants. The satter 
plants are mentioned as possible native food-plants of the Ameri- 
ean cherry fruit-fly because the European cherry fruit-fly is known 
to breed in several species of Berberts and Lonicera. 


Tue Story oF Irs Lire. 

Having first made the acquaintance of this new cherry pest only 
about two months ago, we have had, therefore, no opportunity to 
follow it through its yearly life-cycle. Hence we are unable to tell 
the story of its life in detail. 

How it spends the winter.— The insect doubtless spends the win- 
ter in the soil, usually not more than an inch below the surface, in 
the condition shown, natural size and much enlarged in figure 15. 
It is a dark brown, 
lifeless-looking ob- 
ject known as a pu- 
partum. Within 
this hard, © stiff, 
brown shell which 
is really the con- 
tracted and har- 
dened skin of the 
maggot, the insect 
changes from a 
maggot to a pupa. 
Whether the pupa 


is formed before _ 
15.— Dorsal and ventral views of the puparia of the cherry 


spring, we cannot Sruit-fly. Natural size and enlarged. 
yet say. 

Emergence in the spring.— During the spring months the trans- 
formation from a pupa to the adult insect — the pretty little fly shown 


9 
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in figure 12—-takes place. When the time for emergence comes, 
the little fly bursts open one end of the puparium (figure 15), crawls 
out, works its way up through the inch or less of soil, and then flits 
away to find its mate and the food-plant for its progeny. As to 
when these cherry fruit-flies emerge in the spring we have no evi- 
dence. The yellow currant fruit-fly (/pochra canadensis) sometimes 
emerges in May, but the nearer relatives of the cherry fruit-fly, the 
dark fruit-ly (/2hagoletis ribicola) and the apple maggot fly (2hago- 
letis pomonella) may emerge about the middle of June in the lati- 
tude of New York. Hence, we would infer from this that the 
cherry fruit-fly may be expected to emerge about June 15th, in New 
York. The date of appearance of the flies on the trees will doubt- 
less vary somewhat with the latitude and the season. The flies will 
doubtless continue to emerge over a considerable period, perhaps a 
month or more; the flies which we suspect are the adults of this 
pest were found on the fruit as late as August 4th. 

Lgg-laying.— We have not seen the fly lay an egg, but think we 
have found its eggs in the cherries. We found many minute pune- 
tures through the skin of the fruits, and obliquely just beneath the 
skin in the flesh we could discern the remains of a hatched egg. In 
a few cases we found an unhatched egg, but always crushed it before 
we could disengage it from the flesh of the fruit. Hence, we are 
unable to describe or picture the egg. We feel quite sure, however, 
that the mother fly punctures the skin of the fruit with her oviposi- 
tor and then inserts obliquely an elongate, whitish egg in the flesh 
just beneath the skin. Mr. Lowe has recorded the following obser- 
vations regarding the egg: “ Kgg-laying undoubtedly begins as soon 
as the first fruit ripens, as young maggots were found in some of the 
earliest fruits. It continues as late as the middle of August, and 
probably later. We have found young maggots as late as August 
16th. On the same day an unhatched egg was found. The eggs 
are placed nearly or quite under the skin. One egg was found on 
the outside. A single egg measured 5 mm. (.02 inch), somewhat 
broader toward one end, and about one-fourth as wide as long, at 
the widest point. Beginning at the broad end and extending about 
one-fourth the length of the egg, the shell is roughened and some- 
what darker; color, a dirty yellow.” The flesh of the fruit seems 
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to slightly thicken or harden around the egg and adhere closely to 
it. Apparently the eggs are laid in any part of the fruit. Old ege- 
scars are quite easily discernible on the cherries; the minute, round 
depressed spot on the right-hand cherry of the two upper ones in 
figure 13 is probably an egg-scar. 

Kge-laying doubtless extends over a considerable period, probably 
StS ) 5 ? 
beginning in-June and continuing until into August, if any cherries 
remain on the trees so long. We have no data bearing on the dura- 
= - ay ate n rad 27) ‘ y ‘ r 7 € - yr “aw 
tion of the egg-stage. The eggs probably hatch in a few days. 
As the eggs are laid beneath the skin, the 


The maggots life. 
moment it hatches, the maggot finds itself surrounded with its 
favorite food, the juicy flesh of the fruit. It apparently soon makes 
it way to near the pit where it proceeds to revel in the flesh, soon 
forming a rotting cavity, as shown in figure 14. The maggot 
spends its whole life of three or four weeks in a single cherry, and 
rarely more than one maggot is to be found in the same fruit. 
Apparently many of the maggots are nearly full grown about the 
time the fruit is ready to pick, and they find their way into the con- 
sumer’s hands. Afflicted orchardists report that but few of the 
infested cherries fall from the trees, hence when the maggots emerge 
they doubtless drop to the ground, where they soon bury themselves 
just beneath the surface. Very soon after entering the ground, 
probably within a day or two, the maggots contract, their skin 
hardens and turns brown, and the pupariwm stage is formed. The 
maggots will change to puparia in any convenient place, as the bot- 
tom of baskets, rubbish, ete. 

Number of broods.—We have some puparia which were formed 
in our breeding cages as early as July llth, from which no flies 
have yet emerged. Hence we conclude that the insect winters as a 
puparium, and furthermore, that there is but a single brood of this 
new cherry pest in a year. Evidently the insect may spend ten or 
even eleven months of its life in the soil in the puparia stage. 


How tue Insect May se Spreap. 


As it infests only the fruit, one need have little or no fear of 
- receiving this new cherry pest from nurserymen. If nursery trees 
happen to be grown under infested cherry trees, it is possible that a 
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few puparia of the pest might be carried away in the soil adhering 
to the roots of the nursery stock. 

As many of the maggots emerge from the fruits, after they reach 
the consumer’s hand, the insect may thus obtain a foothold in new 
localities. It is quite possible that the insect may be more readily 
and widely spread in this manner than in any other. 

Doubtless the pest will spread quite slowly from tree to tree and 
thus from orchard to orchard, as the adult insects are slow in their 
movements and are not long-fliers. This is a very important fact 
for it makes the checking of this new cherry pest largely an indi- 
vidual matter, to be worked out independently by each cherry-grower. 


Discussion oF RemepraL MEASURES. 


It is to be hoped that this new cherry pest is not widely distrib- 
uted, or that it will never become a serious factor in cherry grow- 
ing, because it will prove a very difficult pest to control. We have 
not had time to test any remedial measures, hence can only suggest 
possible methods, drawn from our experience in combating other 
insects, from what we know of the habits of the insect, but more 
especially from the experience of fruit growers in Australia, South 
Africa and Europe, where similar fruit-flies are serious drawbacks 
to fruit-growing. 

Apparently there is no possible chance of getting at the insect 
with a spray of any kind while it is in the egg, in the maggot, or in 
the puparium stages. The egg is out of reach beneath the skin, in 
the flesh ; the maggot spends practically all its life inside the fruit, 
only a day or two is spent in getting from the fruit into the soil and 
changing into a puparium; and this puparium would doubtless be 
impervious to any liquid applied to the soil in such quantities as not 
to spoil the soil or injure the tree. 

If the maggots caused the infested cherries to fall prematurely, 
or so affected them as to render it easy to discover which fruits were 
infested, then one could do much toward controlling the pest by 
removing such fruits from the trees or by picking up the “ wind- 
falls” and destroying them. This latter method can be successfully 
employed against the apple maggot, which does cause the apples to 
drop prematurely and which rarely, if ever, leaves the fruit until it 
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does fall or is picked. But afflicted cherry growers state that but 
few, if any, infested cherries fall prematureiy, and also that there is 
no way of distinguishing the infested cherries from the others at 
picking time. 

Hence there seems to be no practicable method of getting at the 
pest while it is in the fruit, except the heroic method of picking 
and destroying by boiling, burying, or otherwise, the whole crop on 
the infested trees just about the time the first fruits are ready to 
pick, or even before. This method, of course, involves the loss of 
the cherry crop for a season, but it is the only sure method we can 
conceive of to completely check the pest. Usually certain trees or 
certain varieties will become infested first, and the destruction of 
the crop on these few trees would not count for much as against 
their being a constant source of danger to the rest of the orchard. 
The pest could be quickly stamped out in this way, and as it spreads 
very slowly, it might be a long time in again getting a foothold in 
the orchard. This method of destroying the crop of cherries for a 
season, while it is an heroic one, it yet deserves to receive the serious 
consideration of cherry growers who may be unfortunate enough to 
have this cherry fruit-fly to combat. 

As the insect spends ten months or more of its life in the soil, 
usually less than an inch below the surface, it would seem as though 
some method might be devised to check it then. All of this time is 
spent in the pupariam stage (figure 15), and as we have stated above, 
while in this form the insect would not be readily affected by 
insecticides of any sort. We doubt if any of the puparia could be 
killed by the application of any reasonable or practicable amount of 
any insecticide, especially such substances as the commercial fertil- 
izers, gas lime, lime or salt. Gas lime has been tried in Australia 
with no success. 

As the puparia are so near the surface of the soil from July until 
the following June, it would seem as if thorough cultivation might 
be successfully employed against the pest. But it is evident that 
the usual methods of cultivation employed by our most successful 
orchardists has little or no effect on the pest, for those who suffered 
from it this year were good, thorough cultivators. A possible 
explanation lies in the fact that the puparia are too small to be 
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erushed, and they are so near the surface that the usual shallow cul- 
tivation of the orchard does not materially change their position 
relative to the surface. Possibly deep plowing, which is not often 
practicable in a cherry orchard, in late fall or early spring, might 
bury these puparia so deeply that the emerging flies could not get 
to the surface. Where only a few trees were infested it would be 
practicable to remove the surface soil toa depth of an inch or so 
from beneath the tree and either bury it deeply, put in the hen 
yard, or in a much-traveled roadway. 

One aftlicted cherry grower sends the following valuable hint: 
‘We have growing in our hen-yard several cherry trees, and they 
were not as badly infested as the trees outside of it. We can only 
account for it in that the hens found the insects as food.” Undoubt- 
edly hens would find many of the brown puparia in the soil, and could 
doubtless be successfully employed against the pest on a few trees. 
Place a temporary wire-netting fence around one or more trees, turn 
the hens loose in the enclosure, and stir the soil every day or two to 
encourage them. Do this soon after the fruit is picked and we 
doubt if many of the puparia will escape the sharp eyes of the fowls. 

Something can be done toward checking the pest by not allowing 
any cherries to remain on the trees after the last picking. [Hf what 
few “ windfalls” there might be were destroyed, all the marketable 
fruit picked and disposed of, and all fruits removed from the tree at 
the last picking, most of the infested cherries would be gotten out 
of the orchard before most of the maggots had matured and gotten 
into the soil. Of course, where early and late varieties are infested 
in the same orchard, this plan might not noticeably diminish the 
numbers of the pest. It is well worthy of consideration, however. 

There yet remains one stage of the insect against which we have 
not turned our destructive batteries. One of the first questions 
asked us by an afflicted cherry grower, when he understood how 
little chance there was of getting at the insect while in the fruit or 
in the soil, was, why cannot we either kill the flies, or deter or pre- 
vent them from laying their eggs in the cherries. He inquired if 
bad-smelling substances hung in the trees or sprayed upon them 
would not drive the flies away. Apparently no experiments along 


this line have been made in this country against similar flies, but, 
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fortunately our Australian and South African fruit-growers, who 
are sorely afflicted with fruit-flies, have recently carried on valuable 
and instructive experiments against the flies. The following sum- 
mary of their experiments and conclusions cannot fail to be of value 
and interest to our American cherry-growers. 

The flies are not attracted to lights in Australia, so that trap- 
lanterns will be of no avail against the pest. 

Messrs. Benson and Voller made a careful and extensive series 
of experiments in the orchards of Queensland, Australia, last year. 
The objects of their experiments were to prevent or deter the flies 
from attacking the fruit, and to attract and destroy the flies. 

In the first series of experiments they sprayed the fruit and trees 
with strong smelling substances that were deemed likely to deter or 
repel the fly. They sprayed with sulphide of lime, sulphide of soda, 
lime, sulphur, wood tar, bone oil, caustic soda, carbonate of soda, 
whale-oil soap, tobacco, pyrthum, black leaf tobacco extract, nico- 
tine, and Redwood’s specific. Most of the substances were used 
singly and in various combinations. None of the mixtures injured 
the fruit or trees to any extent. Many of the mixtures had a 
very strong and persistent smell, which was retained on the trees 
and fruit for at least a week after application, and the smell was not 
washed out by rain, but rather intensified for the time. 

Balls of cotton waste saturated with bone oil and other strong 
smelling substances were also hung in various trees to determine if 
the odor will deter the flies or not. Flies were seen on fruit within 
a few inches of the cotton waste, and the trees so treated were as 
badly infested as any untreated ones. 

No spray that was tried was a complete success, even though 
numerous applications were made; but some mixtures* seemed to 


* Mizture A :— Boil two pounds of sulphur and one pound of 98 per cent. 
caustic soda in two gallons of water till the sulphur is dissolved, and a mixture 
known as sulphide of soda is formed. Add six pounds of whale-oil soap, 80 per 
cent.; and boil for half an hour, adding boiling water to make five gallons of 
mixture; and add forty fluid ounces of black leaf tobacco extract. Next add 
water to make forty gallons, and it is ready for use. 

Mizture B :— Dissolve one pound of whale-oil soap, 80 per cent., in four gallons 
of bofling water. When dissolved, add twenty five fluid ounces of bone oil and 
mix well; add water to make forty gallons, and it is ready for use. 

Mixture C:— Mix equal parts of A and B. 
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keer the flies from the fruit for a certain time after their appliea- 
tion, as in the case of the same varieties of fruits, on trees that were 
sprayed, they were unable to detect a single fly laying eggs, whereas 
the flies were numerous and busy on adjacent trees. No spray, 
however, was lasting, as where the applications were made from a 
week to ten days apart, part of the fruit was infested, but not to 
the same extent as on untreated trees, thus showing that the appli- 
cations must be frequent during the ripening of the fruit to be of 
any avail. 

The experimenters record their belief that careful and frequent 
sprayings with the mixtures noted above will protect a considerable 
portion of the crop, but at the same time they are confident that to 
be of any value the spraying must be very carefully carried out, and 
must be backed up by destroying all infested fruit and taking every 
possible precaution to keep the insects in check. 

In the second series of experiments made by Messrs. Benson and 
Voller they tried to attract, catch or poison the flies. They record 
that they had no success whatever as they failed to attract the flies. 
They used highly-scented sticky baits, highly-scented poisoned baits, 
and poisoned fruit baits; but, though numerous insects of various 
kinds were caught or destroyed, the fruit-flies escaped. The experi- 
menters could not find that the flies fed on anything, as, with the 
exception of seeing them occasionally apparently sucking the juice 
exuding from a puncture they had made in a fruit, they were never 
seen to be attracted by or feeding on anything. 

In South Africa the only effectual method of preventing the fruit 
from attacks by these fruit-flies thus far devised is to enclose the 
trees in a fine-meshed mosquito netting during the time when the 
flies are about. 

We may thus glean from the above summary of the results 
attained in other countries in combating similar fruit-flies, that there 
is but little hope of successfully combating our American cherry 
fruit-fly in the adult or fly state. 

No careful experiments seem to have been made in Europe against 
the European cherry fruit-fly, and the recommendations made for 
combating the pests are few, usually theoretical, and add nothing 
new to what we have already suggested, with one exception, which 
may be of interest to housewives and eaters of the luscious fresh 
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fruit. One German writer states that ‘‘it is known to those house- 
wives who wish to can cherries that the maggots leave the fruits as 
soon as they have been soaked in water for several hours; and this 
precaution can therefore be taken with the cherries to be eaten fresh 
in those years when the cherries are badly infested.” We wish the 
author of this suggestion had been a little more definite, for we are 
in some doubt as to what is to be done with those fruits from which 
the maggots have emerged. Are they to be canned or eaten with 
the rest ? 


MARK VERNON SLINGERLAND. 
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record of Long Branch, N. J. 

1898. Doane. Entomological News, IX., 69-72. Tables for separating the six 
species of Rhagoletis, R. ribicola described and compared with 
R. cingulata. 

% * * x * * 

The following are also included in this bibliography, as we believe they refer 

to this cherry fruit-fly. They are the only records known to us of the occurrence 
of fruit-fly maggots in cherries in the American literature. 


1883. Hagen. Canadian Entomologist, XV., 159-160. Records 7rypeta larvee 
in fruit of a black cherry tree imported from Prussia; apparently did 
not differ from those of the cherry fruit-fly (ceras?), received from 
Europe. Did not breed the adults. 

1889. Cook. 2d Ann. Rept. Mich. Expt. Station, p. 153. Records receiving 
plums and cherries from northern Michigan supposedly infested by 
Apple Maggot. 

Cordley. Orchard and Garden, Oct., 1889, p. 192. Records closely 
examining larvee and pupze of plum and cherry maggots from northern 
Mich. with the result that they seemed to be those of 7. pomonella. 
Says pomoneila has not been known to attack apples in northern Mich., 
but does occur in haws. Cherry and plums were badly infested. 

Davis. The Ohio Farmer, Nov. 9, 1889. Records practically same facts 
as Cordley (1889). 

1890. Harvey. Ann. Rept. of Maine Expt. Station for 1889, pp. 192, 288, 234, 
235. Records Cook’s, Cordley’s and Davis’ observations and suggests 
that their plum and cherry maggots may be a distinct species from the 
Apple Maggot. 

1899. Lowe. Country Gentleman, LXTV., 6938, Aug. 31, 1899.- Brief account 
of the work of the insect at Geneva, N. Y., with description of the 
different stages. 

Slingerland. Rural New Yorker, Sept. 16, 1899. Brief, illustrated 
abstract of this bulletIn, No. 172. 
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THE RELATION OF FOOD TO MILK-FAT. 


Can the per cent of fat in milk be increased through changes in 
the food of the cows? This is a question about which there has 
been more debate and which has been the subject of more experi- 
mentation than any other problem relating to the production of 
milk. Some experiments have seemed to indicate that certain foods 
possess the power of increasing the proportion of fat in milk, while 
others, and much the larger number, show that the variations in 
the quality of milk are not traceable to the food. All who are 
familiar with the handling of milk know that variations in the per 
cent of fat do exist and this with the same cow on the same feed 
and under uniform environment. Why the quality of milk fluctu- 
ates so widely under conditions which to all outward appearances 
are the same, has never been determined experimentally. The 
secretion of milk is so intricate and its processes so completely hid- 
den from view that a clear understanding of them seems quite 
impossible. Nevertheless all careful experiments conducted with a 
view io solve the problem are valuable even though only negative 
results be obtained and although the conclusions reached may be 
more or less conjecture. 

Experiments conducted for the purpose of determining the rela- 
tion of food to milk production have usually shown that where a 
sudden and radical change in the food has taken place, this change 
has been accompanied by a more than ordinary variation in the per 
cent of fat This variation may be either an increase or a decrease. 
After the cows become accustomed to the new feed their milk 
returns to its former average per cent of fat, which may be called 
the normal per cent. Such phenomena would seem to indicate that 
the per cent of fat in milk is subject to the peculiar constitution of 
the cow and that she will give milk of a certain average composi- 
tion so long as nothing occurs to disturb the “ even tenor of her way.” 


A definite knowledge of the relation of food to milk-fat would 
47 
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solve the question as to whether or not the per cent of fat may be 
permanently increased by feeding. but concerning this point we 
have little information except theories based upon the results of 
many experiments. One theory has been long and largely held that 
milk-fat is produced from the protein in the food. If this were the 
case a natural supposition would be that by increasing the amount 
of protein in the food, the proportion of fat in the milk would be 
thereby increased. Another theory is that milk-fat is produced 
from the fat in the food. Then feeding an increased amount of fat 
might be supposed to result in a higher per cent of fat in the milk ; 
or, on the other hand, a decrease in the supply of food-fat would 
likewise cause a decrease in the per cent of milk-fat. A third the- 
ory, and the‘one which is most largely entertained, is that so long 
as the animal is well nourished the per cent of fat in the milk is not 
appreciably affected by even wide variations in the character of the 
food Experiments supporting these three theories will be found 
in subsequent pages. 

The question has a practical bearing in the economical manage- 
ment of the dairy. For, if by food we may increase the richness 
of the milk, shen there is opportunity to enhance the value of all 
our cows. Butter-fat is the most valuable constituent of milk, and 
if the cow may be made to produce a milk richer in fat by giving 
her certain foods, or foods containing a large proportion of a par- 
ticular nutrient, then the dairyman may increase the value of his 
cows to the extent that they may be made to respond to the particu- 
lar foods by increased production of fat. In general this has not 
been found to be the ease, otherwise why should so many cows be 
giving milk that is comparatively poor in fat? And why should 
they possess this same characteristic in common with their ancestors 
as long ago as their history is known to man 4 

Again, if feeding large amounts of protein tends to an increased 
production of milk-fat, then the dairyman will need to purchase 
foods containing a high proportion of protein, which foods usually 
command higher prices than those containing less protein. If, on 
the other hand, a large supply of protein is not essential to the pro- 
duction of milk-fat; if the per cent of milk-fat is dependent on the 
supply of food-fat ; or, if it is not governed by the food so long as 
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the cow is well nourished, then the dairyman is warranted in feed- 
ing those cheaper foods which contain less protein and more carbo- 
hydrates and fat. 

A conclusive answer to the question asked at the beginning is not 
attempted in this bulletin. The record is given of two long experi- 
ments with rations having different nutritive ratios, and also a less 
extended one with aration containing varying quantities of palm nut 
meal. Considerable space is given to a summary of the leading 
experiments relating to the influence of food on milk production 
with especial reference to the quality of the milk by which is meant 
here its percentage of fat. 

The records of these experiments are gleaned from all reliable 
sources both domestic and foreign. The object is to place before 
the general farmer and reader a knowledge of what has been done to 
solve the mooted question of “feeding fat into milk” by experi- 
menters abroad as well as at home. In collecting this data free use 
has been made of all experimental literature obtainable and reference 
is usually made to the original article. The Experiment Station 
Record has been used freely, especially for translations of foreign 
experiments which are reported in periodicals not found in our own 
library. The attempt has been to make tiis summary as brief as 
possible and yet give a fair idea of the plan and scope of the experi- 
ment, together with the results or conclusions obtained. 


Summary or ExpertmMents CoNncerninc THE ReEration oF Foop 
TO THE PrercenTaGre oF Far In MILK. 

Jordan * experimented on tive cows with three different kinds of 
rations during three periods, the rations being made up so as to con- 
tain varying amounts of vegetable fats, and found that the yield of 
milk diminished somewhat in passing from the ration rich in fat to 
the one containing less fat, and increased slightly after changing 
again to the fat rich ration. ‘ The composition of the milk varied 
but little and no more, or even less, during the three periods than is 
often observed when the ration is not changed.” 

In a later experiment + Jordan fed three cows during three periods 


* Maine Station Annual Report, 1891, p. 62. 
+Same, 1893, p. 73. 
= 4 
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of 35 days each on two rations, one having a nutritive ratio of 1:6.7 
and the other 1:12.3 and found that “the yield of milk from the 
nitrogenous rations was from one-fifth to more than one-third larger 
than that from the carbonaceous ration. In general the milk was 
materially richer while the cows were fea the ration rich in protein. 
* * * The composition of the milk solids seemed to be independ- 
ent of the ration. In general the proportion of fat increased through- 
out the experiment without regard to what the cows were fed, and no 
evidence is furnished in support of the notion that by changing the 
food it is possible to produce more butter-fat without an accompany- 
ing increased production of the other milk solids.” 

Whitcher,* after studying the effect of pasture and silage, and of 
changing the nutritive ratio of the quality of the milk, found very 
little variation in the per cent of fat and concludes: “ I feel warranted 
in saying that a given animal by heredity is so constituted that she 
will give a milk of certain average composition ; by judicious or 
injudicious feeding the amount of milk may be largely varied, but 
the quality of the product will be chiefly determined by the individu- 
ality of the cow.” 

Wood,t in experimenting on the effect of some coarse fodders on 
quantity and quality of milk during several experimental periods of 
two weeks each, found “no variation in the quality of the milk that 
could be attributed to the character of the food.” 

Later,{ he fed three cows for two weeks on a basal ration of silage, 
clover hay, vetch hay, oats and middlings. Then in three subsequent 
periods of two weeks each, palm oil, cotton-seed oil, corn oil, oleo oil, 
cocoanut oil and stearin were fed to different cows at the rate of 12 
ounces per 1,000 pounds live weight, making a nutritive ratio of 1:6.8. 
The conclusions reached were : “ That the first effect of an increase 
of fat in a cow’s ration is to increase the per cent of fat in her milk.” 

“That with the continuance of such a ration the tendency is for 
the milk to return to its normal condition.” 

“That the increase of fat is not due to the oils but to the unnatural 
character of the ration.” 


* New Hampshire Station, Bulletin 9, 1890. 
+ New Hampshire Station, Bulletin 18, 1892. 
tSame, Bulletin 20, 1891. 
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“That the results of this experiment tend to confirm the conclu- 
sions expressed in previous bulletins from this Station; that the 
composition of a cow’s milk is determined by the individuality of 
the cow, and that although an unusual food may disturb for a time 
the composition of the milk, its effect is not continuous.” 

Hills* studied the effect of heavy feeding of grains on milk pro- 
duction by giving two cows for two months a continually increas- 
ing amount of grain until they were receiving all they would 
eat. He found that there was little change in the composition 
of the milk on increasingly heavy grain feeding, and that no con- 
nection could be traced between the quality of the milk and the 
food given. 

Again,t in a series of feeding tests covering five periods of four 
weeks each, and using thirty-one cows, he experimented with vari- 
ous coarse fodders, grains and mixed feeds. The invariable conelu- 
sion was that there was no material change in the quality of the 
milk as a result of the change in ration. 

Cooke,t in reporting an experiment in feeding sugar meal, cream 
gluten meal, and germ meal to nine cows for four months in periods 
of four weeks each, says: “ We are led to the conclusion that sugar 
meal and cream gluten have a slight effect toward an increase in the 
richness of the milk.” 

Lindsey§ fed six cows in nine and fourteen-day periods with 
seven days preliminary feeding to each period on rations containing 
amounts of protein which varied from 1.3 to 3.76 pounds per head 
daily, and the nutritive ratio varied from 1:4.4 to 1:10. The periods 
were rather short, but the “indications are that the composition of 
the milk, especially the fat, appeared to be favorably affected by the 
addition of protein up to three pounds, although there was consider- 
able difference in the cows in that respect.” 

Lindsey, Holland and Billing| varied the nutritive ratio of the 
ration from 1:53.86 to 1:9.43 while feeding six cows in two lots of 


*Vermont Station, Annual Report, 1890, p. 75. 

+ Same, 1895, p. 203. 

+ Vermont Station, Bulletin 31, 1892. 

§ Massachusetts (State) Station, Annual Report, 1894, p. 42. 

|| Massachusetts (Hatch) Station, Annual Report, 1896, p. 100. 
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three each, during four periods of 21 to 26 days each, with a seven- 
day preliminary period. They conclude : 

“That the same amount of digestible matter in the narrow rations 
produced from 11.8 to 12.9 per cent more milk than did a like 
amount of digestible matter in the wide rations, and that neither 
the narrow nor wide rations produced any decided change in the 
composition of the milk. 

Jordan and Jentner* changed the ration of a cow in three ways: 
“(1) By decreasing the fat in the food from about the usual quan- 
tity to practically none; (2) by producing wide variations in the 
protein supply and nutritive ratio, and (8) by producing wide varia- 
tions in the supply of total digestible material.” The cow was “fed 
during ninety-five days on a ration from which the fats had been 
nearly all extracted, and she continued to secrete milk similar to 
that produced when fed on the same kinds of hay and grain in their 
normal condition.” The food-fat eaten during this time was 11.6 
pounds, 5.7 pounds of which was digested, while the yield of milk- 
fat was 62.9 pounds. Throughout the whole experiment, “ the com- 
position of the milk bore no definite relation to the amount and kind 
of food.” 

Wingt added ordinary beef tallow to the usual grain ration of 
ten cows, giving them at first four ounces per head, and increasing 
the amount gradually until each cow was consuming two pounds 
daily, which amount was fed for six or seven weeks. He found 
“no inerease in the per cent of fat in the milk as a result of feed- 
ing tallow in addition to a liberal grain ration.” 

Waters and Hesst gave rations varying in nutritive ratio from 
1:3.9 to 1:6.65 to nine cows through four periods of thirty days 
each, and say: “It appears that the narrower nutritive ratio tended 
to increase the per cent of fat.” 

Farrington studied the effect of heavy grain feeding by giving 


three cows from December 1 to June 1, in eight periods ranging. 


from 6 to 51 days, an amount of grain increasing continually from 


* New York (State) Station, Bulletin 182, 1897. 

+ New York (Cornell) Station, Bulletin. 92, 1895. 

t Pennsylvania Station, Annual Report, 1895, p. 56. 
§ Illinois Station, Bulletin 24, 1894. 
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12 to 24 pounds per head daily where it was held for two months, 
when it was decreased gradually until the cows went to pasture 
May 1. 

The nutritive ratio varied from 1:40 to 1:9.4.. He found “that 
the increase of feed was accompanied by a considerable increase in 
the pounds of milk produced, and consequently in the pounds of 
solids, fat, and solids not fat in the milk; but with the exception of 
one or two days, there were no greater changes in the percentages 
of fat in the milk after the increase of feed than before it was 
made.” 

Wilson, Kent, Curtiss and Patrick* compared corn and cob meal 
‘with sugar meal by feeding them to four cows in alternating periods 
of 21 days each with a 10-day preliminary period, and conclude that 
“quality of milk, so far as measured by its percentage of fat, was 
changed by feed to a much greater degree than was quantity. 
Sugar meal produced 17 per cent more fat and six per cent more 
total solids per 100 pounds of milk than did the corn and cob meal.” 

Armsby,+ during three periods of three weeks each with two cows 
compared bran with corn meal and found that while there were slight 
changes in the composition of the milk there was “no indication that 
the feeding had anything to do with these changes.” Again in com- 
paring in a similar manner bran with oil meal there were slight 
changesas before, but “ we may safely conclude that whatever changes 
took place in the composition of the milk-solids were due to advane- 
ing lactation and not to the feed.” 

Wollt in comparing the feeding value of ground oats and bran 
for milk production, found that ‘the cows invariably did better on 
oats, going up in milk yield when coming on oats and going down 
when bran was fed, while the fat content of the milk remained the 
same on an average.” 

Linfield § studied the effect of two rations varying in nutritive 
ratio on the per cent of fat in milk with ten cows during eight 
periods of three weeks each. He concludes, “this test adds but 


*Towa Station Bulletin 14, 1891. 

+ Wisconsin Station Annual Report 1886, pp. 115 and 130. 
{ Wisconsin Station Annual Report 1890, p. 65. 

§ Utah Station Bulletin 43, 1895. 
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another item to the fairly well éstablished fact that an increase in 
the quantity of concentrated food in the ration of a cow does not 
increase the richness of the milk provided the cows are well fed to 
start with.” 

Dean* carried on experiments during several years to ascertain 
the effect of food on the quality and quantity of milk. The results 
obtained from feeding coarse fodder with and without grain, from 
comparing pasturage with and without grain, from feeding slop, and 
from other experiments, generally agree with this statement made 
in Bulletin No. 80, that “the general conclusion would seem to be 
that the food does not affect the quality of the milk to any appreci- 
able extent so long as the animals are in good condition.” 

Speir t reports at least three different experiments on the effect 
of foods on milk production. He tested a large number of different. 
kinds of feeding stuffs both singly and in various combinations dur- 
ing periods of four to five weeks in length. Some of his conclusions 
are that “an increase of oil in the food does not seem to give any 
increase of fat in the milk. Rations having an extremely high 
albuminoid ratio seem to have a depressing effect on the milk yield, 
well mixed foods giving the best results in this respect. Every food 
when first given, seems to have more or less effect in increasing or 
decreasing the percentage of fat in the milk. This effect, however, 
is transitory and the milk returns to its normal composition about 
the end of the fifth week.” 

Stohmann,t in experimenting with goats found that the fat con- 
tent of the milk was proportional to the fat content of the fodder, 
but by a great increase in the nitrogenous foods, the milk-fat did 
not increase in the same way as when the fat content of the food 
was increased. 

Kiihn § carried on extensive feeding trials with bean meal, palm 
nut cake and malt sprouts, having in all 42 experiments with 10 


* Ontario Agricultural College ana Farm Report 1891, p. 154; 1893, p. 148 
1894, pp. 147 and 148. 

+ Transactions of the Highland and Agricultural Society, Scotland, 1894, p. 83; 
1896, p. 269; 1897, p. 296. 

+ Journal fiir Landwirtschaft, 1868, pp. 135, 307 and 420, 


§ Journal fiir Landwirtschaft 25 (1877), p. 382. 
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cows. The feeding periods varied from 21 to 47 days in length. 
The grains were fed separately in addition to a normal ration and in 
quantities of 1.5, 2 and 3 kilograms* per head daily. According to 
his results the fat content of the milk increased proportionately 
with the increase of protein fed, but did not decrease in the same pro- 
portion when the protein in the food was decreased. He concludes 
“that the palm nut cake exerted on the whole a favorable influence 
upon milk production and especially upon the fat content of the milk.” 
The bean meal and wall sprouts did not have a like favorable effect. 
He found that the addition of one-half kilogram of oil to the ration 
increased the quantity and quality of the milk. But he considered 
“that this added fat had no direct influence on milk production ; 
that it has an indirect effect in this manner; that a certain quantity 
of protein is thereby made available for milk produetion which 
before the feeding of the fat was used in sustaining the animal 
body, but the fat now performs this office and permits the protein to 
be used for producing milk.” He concludes also “ that these experi- 
ments, according to all observations, prove in the clearest manner 
how greatly the milk production, and the possibility of influencing 
arbitrarily through feeding the amount or composition of the pro- 
duct, are dependent upon the individuality of the animal.” 

Heinrich + compared peanut cake with cocoanut cake, the latter 
ration containing 350 grams more fat than the former. The rations 
were alternated in periods of four weeks each and three cows were 
used. He found that the fat of the milk was considerably increased, 
both in percentage and total amount, when the cocoanut ration was 
fed, but there was much difference in the animals regarding this 
point. It is his opinion that the increased yield of fat may be 
accounted for by the increased amount of fat in the food. 

Kochs and Ramm ¢ fed three cows during four periods of about 
four weeks each, on rations which contained practically the same 
amounts of dry matter, and nearly equal amounts of digestible non- 
nitrogenous matter, but the amount of protein fed was such as to 
make nutritive ratio vary from 1:8.19 to 1:5.42 to 1:4.31 and to 


*One kilogram (kg.) 2.2 pounds. 
+ Translation in Experiment Station Record, Vol. 1 (1892), p. 67. 
+ Landwirschaftliche Jahrbiicher 21 (1892), p. 809. 
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1:38.19 in the successive periods. They found that “ the proportional 
fat content of the milk remained unchanged by the very wide 
changes in the food.” 

Klein* found that the addition of sunflower cake to the usual 
ration of four cows was followed by an increased milk yield, while 
it seemed to have no specific effect on the fat content of the milk. 

Maercker and Morgent report a series of coOperative experi- 
ments with farmers in which the effect of watery foods on milk 
secretion was studied. Beet diffusion residue (beet pulp) was fed 
alone and also with potato residue (from starch manufacture) in 
addition to a basal ration of hay, straw and grain. The amounts of 
residue fed daily were such as to give quantities of water ranging 
from 43 to 150 pounds per head. The experimental periods were 
ten days each. They found that the quantity of milk increased 
regularly with the increase of watery food up to 116 pounds, and 
that the increase in watery food was without discernible effect upon 
the composition of the milk. 

Juretschke ¢ has found as a result of the addition of 4+ to 5 pounds, 
per thousand pounds live weight, of cotton seed cake, rape cake, 
and peanut cake to a basal ration consisting of hay, straw, brewers’ 
grains and wheat bran, that the “milk secretion is not directly but 
only indirectly affected by feeding and that the feeding of large 
amounts of fat does not increase the amount of butter-fat in the 
milk.” 

Backhaus§ found by feeding ten cows on a basal ration of hay, 
straw, brewers’ grains, ete., and alternating in periods of two weeks 
with peanut cake, palm nut cake and cotton-seed oil cake, that in 
order to bring about changes in the fat content of milk very little 
ean be accomplished by the kind of food, and that the favorable 
effect of some concentrated foods which have been found to increase 
the fat take place only when large quantities are fed. 

Soxhlet | reports some investigations on the production of milk 


*Milch Zeitung 21 (1892), p. 673. 

+ Translation in Experiment Station Record, Vol. 3 (1892), p. 557. 
} Molkerei Zeitung 7 (1893), p. 518. 

§ Journal fiir Landwirtschaft 41 (1898), p. 328. 

| Translation in Experiment Station Record, Vol. 8 (1897), p. 1016. 
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richer in fat. He says nothing of the plan or extent of his experi- 

ments and gives nothing but the conclusions and a discussion of 
theories. As compared with hay alone, the addition of fourteen 
pounds of starch, treated with malt and given as a sweet drink, 
with sixteen pounds of hay made no appreciable increase in milk 
yield but a noticeable decrease (about 0.7 per cent) in fat. The fat 
content was practically the same when four pounds of rice gluten 
containing 71 per cent of protein was fed as when hay was fed alone. 
When sesame oil, linseed oil or tallow was added to the ration in the 
form of emulsions thoroughly mixed with the drinking water, the 
milk contained as high as 5.8 per cent of fat. When 1.5 to 2 pounds 
of linseed oil were added to 18 to 22 pounds of hay the milk 
averaged 5.24 per cent of fat for four days; when 1 to 2 pounds of 
tallow were added to the same amount of hay the milk contained 
from 4.24 to 5.5 per cent of fat, the average for eight days being 
4.7 per cent. The author believes that the addition of oils to the 
ration in the form of emulsions will izcrease the per cent of fat in 
the milk while the addition of the same oils in other forms will not so 
increase it, because the oils are more easily digested in the form of 
emulsion. He does not believe that the fat of the food goes directly 
into the milk, but that it forces the body fat, 7. ¢. tallow, over into 
the milk, and thus indirectly increases the quantity of milk fat. He 
further states that the fat of the food alone, and not the protein or 
carbohydrates, is capable of bringing about a one-sided increase in 
the fat content of the milk. 

Beglarian * studied the effect of linseed oil, given in water as an 
emulsion and of ground flaxseed with four cows during four periods 
of eight days each. The cows shrank in milk yield while taking the 
oil ration and increased on the flaxseed ration. The author considers 
the results entirely negative since the oil was not accompanied by an 
appreciable rise in the fat content, while it had an unfavorable effect 
on the digestion and comfort of the cows. The ground flaxseed had 
no effect on the quality of the milk and a less unfavorable influence 
on the animal’s digestion. 

Holtsmark + found that feeding cows as much as 77 pounds of 


* Milch Zeitung 26 (1897), p. 522. 
+ Translation by F. W. Woll in Experiment Station Record, vol. 9 (1897), p. 92. 
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turnips per head daily in connection with a liberal ration of con- 
centrated feed and cut straw, caused no decrease in the fat content 
of the herd milk, as compared with the feeding of the regular ration 
of hay, straw, concentrated feed and a small quantity of roots. 

Ramm * to study the effect of different foods on milk production 
gave ten cows a basal ration consisting of 14 kg. of hay, 6 kg. straw 
and 50 kg. of beets, to which, for periods of ten days each, he added 
separately eighteen different foods. He found much variation in the 
fat content of the milk but no marked increase except with palm 
nut cake (7.91 kg.) alone and with a mixture of equal parts (8.25 kg.) 
of palm nut cake and beet molasses, this mixture being accompanied 
with a higher per cent of fat and total fat in the milk than any other 
food. For this reason the author thinks molasses has a greater 
effect on the quality of milk than palm nut cake. He found no 
relation between the fat content of the milk and the fat content of 
the food. 

In a later experiment, Ramm made further comparison of the 
feeding value of various molasses mixtures. The mixtures used 
were peat molasses (80 per cent molasses and 20 per cent peat), 
liquid molasses, equal parts of molasses and palm nut meal, molasses 
pulp (molasses mixed with fresh potato pulp and dried), molasses 
chips (fresh beet pulp and molasses mixed and dried), barley meal 
and palm nut cake of average quality. The basal ration consisted 
of hay, straw and beets. There were seven experimental periods of 
20 days each, the last five days only being used in comparison. 
Eight cows were used. He found the barley meal to excel the 
molasses preparations for milk production, but concludes that the 
latter induce an increase in the fat content of the milk. 

Winternitzt fed a goat on sesame oil mixed with a small amount 
of iodin. He found a portion of the iodin was absorbed by the 
milk-fat and thus concludes that a direct transmission of the fat of 
the food into the milk may take place. 

Albert and Maerckert studied the effect of rations rich and poor 
in fat, on ten cows during six periods ranging from 7 to 18 days, 

* Land wirtschaftliche Jahrbticher 26 (1897), pp. 693, 731. 

+ Zeitschrift Physiol. Chem. 24 (1898), p. 425. 

{ Landwirtchaftliche Jahrbiicher 27 (1898), p. 188. 
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with preliminary periods ranging from 2 to 16 daysin length. The 
amount of protein in the rations was kept constant while the fat 
was increased from .297 kilograms to 1.706 kilograms per head daily. 
They found that the feeding of such large amounts of fat increased 
the percentage of fat in the milk, but reduced the yield so much as 
to make such feeding unprofitable. 

Kellner and Andra* compared sugar beets with dried and ensiled 
beet diffusion residue by feeding them alternately to twenty-four 
cows during four periods of twenty days each. They found that 
“the substitution of 4.4 kg. of dried diffusion residue for 27.5 
kg. of sugar beets increased the milk yield .953 kg. and the substi- 
tution of 41.8 kg. of ensiled diffusion residue for the above amount 
of sugar beets increased the milk yield 1.721 kg. per cow (of 550 ke. 
live weight) without causing any material change in the quality of 
the milk.” 

Friist reviews the co-operative cow feeding experiments conducted 
by the Experiment Station at Copenhagen, Denmark since 1888, 
with especial reference to the effect of food on the fat content of 
the milk. The summary of 76 series of experiments is given. The 
rations used were such as could be regarded normal for milch cows, 
such as are met with in the feeding practice on Danish dairy farms. 
The question whether abnormal feed mixtures can appreciably 
change the fat content of milk was not included in the investiga- 
tion. The author says “it was found that different feeding stuffs 
and food mixtures in a very large measure influence the quantity of 
milk yielded as well as the health and*®general condition of the cows. 
The feed under practical conditions as found in this country, exerts 
an entirely insignificant influence on the fat content of the milk. 

Rhodint emulsified linseed oil in a specially constructed machine 
and fed from 250 to 750 grams of emulsion daily as a drink in water 
to each of two cows during seven-day periods in addition to a nor- 
mal mixed ration. During the first periods of feeding the oil, the 
fat content of the milk was increased, but during the third period 


* Landwirtschaftliche Versuchs Stationen 49 (1898), p. 402. 

+ Translation by F. W. Woll in Experiment Station Record Vol. 10 (1898), 
p. 86. 

¢ Milch Zeitung 27 (1898), p. 306; p. 323. 
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the per cent of fat not only ceased to increase, but fell back to the 
same point as before the oil was fed. 

Ramm and Winthrop* made a comparison ot some new feeding 
stuffs using five cows for six months. The foods were corn bran, 
cocoa-molasses (hot molasses and finely ground cocoa shells), blood 
molasses (blood, molasses and refusal of cereals) and molasses distil- 
lery refuse (residue from manufacture of alcohol from beet molasses). 
They found a wide fluctuation in the fat content of the mill during 
different periods and believed that the molasses increased the fat 
content wherever it was fed, while the corn bran seemed to reduce 
the fat content. When feeding rations rich in fat they could see no 
relation between the fat content of the ration and the fat content 
of the milk. 

Hagemann + conducted some experiments to determine whether a 
fat rich fodder produces a fat rich milk. During five periods, vary- 
ing in length from 21 to 35 days, he fed two ¢ows on rations contain- 
ing from 175 to 720 grams of fat. In addition to a basal ration the 
grains added were corn meal, linseed-oil meal, malt sprouts and peanut 
eake mixed with cocoa molasses. In the sixth period of seven days he 
gave 1.1 pounds of sesame oil to each cow daily as an emulsion in drink- 
ing water. He concludes that “ the proportional and absolute fat con- 
tent of milk is not dependent upon the amount of fat in the food.” 

We have now reviewed the reports of forty-four separate experi- 
ments. They may be classified in the following manner in answer 
to the question: Was the percentage of fat in the milk increased by 
the food given the cows? i 


r A tendency 
of 7 
Yes. | No. |t6 increase. 


Beedinig:, faitisciosah tly Prot otks wing reteescir al eho oe eee EERO ETE + 
Heedin'o proce andemixed’toods ras easier eres 3 | 20 3 
Feeding water yufoodset < tis2.2<itis RRS GE, RESTORE fee 
Feeding molasses preparations . ois. - oe sies may oe eine |; ge 


TORS Ree PR oe. ng ee a ake | 10 | 30 | 4 


* Milch Zeitung 27 (1898), p. 513. 
+ Landwirtschaftliche Jahrbiicher 28 (1899), p. 485. 
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Of the four experiments where the fat in the food increased the 
proportion of milk-fat, one reports so great a reduction in the yield 
as to make such feeding unprofitable. The noted experiment of 
Soxhlet whereby he increased the per cent of milk-fat by feeding 
the cows oil emulsified in the drinking water, has been repeated 
many times by other experimenters, but none of them, so far as we 
know, have reached a similar result. “The protein foods which 
increased the per cent of fat were palm-nut meal and sugar meal. 
The molasses preparations may owe their power to increase the fat 
content of milk to their rather abnormal character. 


OriIGINAL EXPERIMENTS. 


These experiments were conducted for the purpose of determin- 
ing the comparative effect of rations having different nutritive ratios 
upon milk production. This question has been the subject of experi- 
mentation at various times and places as has been already noticed, 
but further investigation along possibly different lines may throw 
more light upon the problem. Much discussion has occurred over 
the matter of the length of time during which a particular food 
should be tested and as to the accuracy of conclusions drawn from 
feeding trials where two or more foods were given during brief 
alternating periods. Some contend that four or five weeks is sufti- 
cient time in which to secure the true effect of a food, some think 
that a shorter time, even ten days, is enough, while others hold 
that the longer the period the more accurate and conclusive the 
result. It is well known that, when a radical change is made in the 
food of a cow, the secretion of milk is greatly affected. This is most 
apparent in the fat content, which may either rise or fall, but is 
more apt to rise. How long the fluctuation may continue depends 
upon the ability of the cow to accustom herself to the new feed, 
which tine may be only a few days or it may be weeks. And when 
the cow has become accustomed to the changed feed, her milk falls 
back to its normal average composition. However, if the experi- 
ment is concluded before this time, or if the feed is again changed, 
then conclusions drawn therefrom must be more or less warped. 

In order that these sources of error might be obviated, we not 
only continued the experiments for a long period, but also made no 
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changes in the kinds of foods given during the whole time. The 
feeding trials lasted through two successive winters and for a period 
of twenty-two weeks during each winter. The effect of the differ- 
ent rations was studied by comparing the influence of each upon the 
average milk production of the cows used. We think this method 
to be satisfactory because, in the first place, tlhe cows were so selected 
as to make the different lots fairly equal as to age, breed and gen- 
eral characteristics ; and in the second place, if a given ration will 
produce any particular effect upon milk production, then this ration 
will show its influence on the average composition of the milk 
from the lot of cows to which it is fed when compared with the 
average composition of milk from other cows on other rations. 

Our study is confined to the yield of milk and its quality so far 
as represented by the percentage of butter-fat. The determinations 
of fat were made by the Babcock test from samples of milk taken 
from each cow during the last three days of each week. These 
daily samples were tested separately and their average taken for the 
average per cent of fat in the week’s milk. Each cow's milk was 
weighed as soon as drawn and the weekly yield of milk multiphed 
by the average per cent of fat gives the total fat produced during 
the week. 

The rations fed were of three kinds, one with a narrow, one with 
a medium, and the third with a wide nutritive ratio. No analyses 
of foods were made except of the oat chop which was fed during 
the first year. The amount of dry substance and the nutritive ratio 
were calculated largely from the average composition of feeding 
stuffs given in Bulletin No. 11 of the oftice of Experiment Stations. 

With one exception the same cows were used throughout the two 
years of experiment. Moreover the same cows were fed rations 
having practically the same nutritive ratio, though made up of dif- 
ferent foods during both years, 7. e. the cows receiving a narrow 
ration the first year also received a narrow ration the second year 
likewise with the cows on other rations. None of the rations are 
what would be called unusual for similar ones may be found in use 
on dairy farms in various parts of the country. During the whole 
length of both experiments it was the aim to give the cows all the 
food they could readily consume. 


THe Revarion oF Foop 'ro Mitx-Far. 63 


The records as published contain only the average data obtained 
from each lot of cows. In work of this kind, the average record 
of several cows is of more value than individual records taken 
singly, and it is from the average record that conclusions must be 
drawn. For this reason and in order to eliminate many long tables 
from these pages, the individual records are not published. 


Tue First Expertmentr 1895-6. 


This feeding trial began November 6, 1895, and continued for 
twenty-two weeks until April 7, 1896. It was conducted by James 
M. Johnson then a graduate student in the college of agriculture. 
The names of the cows used are given below together with their 
breed, age, number of days in milk and weight. 


ig eb |e 
NAME AND BREED. Age. | 2a= | ME | 82 | Gain 
se" | BR | E° 
tT 4 a 

Lot A: 

Garnet Valentine, A. J. C.-C., 78873 ..... 4) 67 | 87 992 119 

iBelva 2a. 15-16 Holsteins: ..:2200 65-0. 2) 491} 891 | 1088 197 

Miiaer ey ELOISLCIN tess | olen os); cote. oad = 4} 25 | 1196 | 1370 174 
} 

Lor B: | | | 
Sherry) Stade: MensGy. 5 das oe cdecaee 22h 4 2 49 | 721 | 849 128 
Dorcel 56 Holstein:.-s2.e oe ed cece oe. Ae 162 1146 | 1213 67 
Glista 4th, H. F. H. B., 31408... 22. 2... | 8] 65 | 1064 | 1939.| 175 

I | I | 

Lor C: | 
IAEA MeTROe J CLSCYi so). o< Zi win/sicho.c ice asta de 3 | 65 |- 922 | 1063 141 
Glista Netherland, H. F. H. B., 32442.....; 3] 16 | 1088 | 1127| 89 
May cd. -< Holstein: 2. 25 622s sees os 0s 3 54 | 1017 | 1223 | 206 

u 


The daily rations of the cows in each lot were made up as 
follows : 


Lor A: 

sap aa las HRN ARTE eaters oie hs esl ae eats Soa oo 0 aie 9 a8 8 to 13 pounds. 
ACEP HLCM tine Reta cy Aor ale oan c,d we Oh oh os ce NS ee ae 3 parts. 
CRP C HOPS LR POLO a ne een eer en ia: OLE NI EES Sic as vaca ie 2 parts. 
Cotton-seed Inéal $4121 194/ OBUI9Y e203. tue.dal one ale 2 parts. 
hinseedkoilsimesl sso cco visit eis ene eels oe ie ciao 1 part. 

USEING SEG ieee Sn esl ae aa A 40 to 45 pounds. 

ae AMEN Veet intl et BRS as se en oS in Testes Screen dee oviawde 8 to 10 pounds. 


IN UETUN WENT NGOS fo caro cee k sc hecscisyouerseone eves BS LP Neer eee: iD 
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Lor B: 


Grain mixture 


Gluten 
Oat ch 


Corn meal 


Corn silage 
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Sispe) avis. .6\ sic) fel Wes) eneie)\+ ofelels le.) 0) suelelic ise seats isice ebeliaie 


feed 
op 


BioTeaiie 6 ie vel e Os 0. Vues shes ew etptel(s 6 Te ele. s 18) 


8 to 10 pounds. 
2 parts. 
Meio 3 parts. 
Se 1 part. 
30 to 45 pounds. 


CloMershayn. 08 Seon cae seen oe 4 to 10 pounds. 


INMIETICLVESPUbLOmaer. <a erste aise tener lee ere Siais a adarcunte sks teaeeeit es 1:6 
Lor C: 

Grainymix tures we ote dont ages tiene been se 8 to 10 pounds. 
COLTER 0\0) heen Tene San eae sane eoser Cod pac nue oaean OF 4 parts 
Commo mMeal sf Nas 35, ootaeelchpe i tae eee ca Mena ence Ree 4 parts 
Hinseed Ol menls =, eae eee ee eee ae 1 part. 

Gorm sila ce} LL SEp, RNS SPSS OS Te a 30 to 40 pounds. 

Vimothy hay. ..<'. 0: delacklay feta. Spee see Sersee) ee beste ee 4to 8 pounds. 

INUbRItIVG atlOn 4 ee. Raa eo ageteiats SINS eee LE Ge tate see eee TO 


Calculating each of these rations on the basis of 8 pounds of 
grain, 8 pounds of hay and 40 pounds of silage, each cow would 
receive the following number of pounds of digestible nutrients 


per day: 


| | 

Protein. Carbohydrates. Fat. | Nupur 

Lot A, narrow ration......... 2.90 10.78 1.09 1:4.5 
MotB; medium rations. nsec - 2.25 11.61 91 1:6.0 
Lot C, wide ration....... 1.60 12.68 o 1:9.0 


Beginning with December 14, each cow received 5 pounds of 
mangel-wurtzels per day in addition to the above rations. 

Table I contains the average record of consumption of food and 
production of milk and fat for each of the three lots of cows 
named above. The data given includes the weekly average con- 
sumption of dry matter per head, the average daily consumption 
per 1000 pounds live weight, the nutritive ration, the average weekly 
yield of milk and fat and the average per cent of fat. 
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TABLE I— 1895-6. 


Averrace Recorp or Lor A. (Narrow Rarron). 


DORIWEWWH AWW oC 


Dry matter consumed. eee ee a fat. 

WEEK. 
Per head | Per 1000lbs.. Nutritive | Poundsof | Percent | Pounds 
weekly. daily. ratio. | miik. fat. of fat. 
act Or Otho OE 159.46 23.34 1:4.53 219.50 3.64 7.98 
ocean He ae 164.01 23.59 1:4.50 221.33 3.20 7.08 
IS 31h ne 164.71 23.66 1:4.50 220.92 3.30 | 7.41 
ee ie ae eae 166.27 23.24 1:4.51 208 . 67 3.50 7.41 
AOS SY eee 170.55 23.46 1:4.48 202 . 42 3.52 7.13 
ewig 5 A eee 171.19 23.26 1:4.38 200.33 3.42 6.8 
Befeicvohe sited? <_s 175.05 23.65 1:4.32 196.33 3.22 6.3 
(oh eee oe, ee 177.32 23.72 1.4.35 | 199.00 3.39 6.7 
Seah Pe ee 170.55 22.61 1:4.28 191.00 | 3.31 6.3 
Rreiavelots Sale te (ois iL7Ale a GL 22.64 1:4. 298 195 . 67 3.23 6.3 
Mees ob bis = 171.96 22.7 1:4.29 197.08 3.39 6.6 
E cre, slo's Mahe. be 0) a 174.19 22.92 1:4. 24 191 . 25 3.26 6.2 
Select habs des os 173.20 22.74 1:4. 20 191.08 3.47 6.6 
aah os Oat meee 178.43 23.48 1:4. 26 183.75 3.60 6.6 
oO Be ks, We oe 180.12 23.58 1:4.27 184. 42 3.61 6.7 
Sehaase Beis ho ieee 180.97 23.55 1:4.28 191.33 3.50 6.6 
Rie teat. ate ee 180.69 23.37 1:4. 28 186 . 42 3.53 6.5 
sopGe ds sap ee 176.73 22.68 1:4. 25 169.50 3.99 5.9 
Peis cctine Me «cis 177.44 22.57 1:4. 26 176.83 3.86 6.8 
Secure obec ae 178.71 22.56 1:4. 23 177.17 3.63 6.4 
eee eee ee 179.13 93.45 |, 124.27 166.83 3.60 6.0 
179.16 22.26 | 1:4.27 166.67 3.62 6.0 


= OS 


ee ea 
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TABLE I-— (Continued). 


(Merprum Ratton). 


Dry matter consumed. 


Weekly product of milk and fat. 


WEEK. 

Per head | Per 1000lbs.| Nutritive | Pound 

weekly. daily. ratio. mil 
acc BLP aRY eatetetse te 162.25 24.03 1:6.12 187 
hicva one wlstam opeks< 161.42 23.70 Gia! 191 
i err senor ata 161.55 23.56 ULXo}s 1a! 182 
1 he ant RL 8 162.26 20.00 1:6.12 180 
SSR Re rec ane e 165.52 2B TT 1:6.05 175 
Gis erecbeieg ages: te 167.28 23.81 1:6.03 166 
HO eseains Se tee ees ie O 24.25 1:50.97 177 
Sie Anata aries 173.29 24.16 1:5.94 167 
Oe hate scr taeteue tassios 167.81 23.03 1:5.89 164 
NO Petes tears exernats 1638.72 22.66 1:5.89 167 
EA volaeranssetasciers 171.238 23.51 1:5.96 169 
UPd 168.72 23.14 1:5.96 164 
miele & Mopeteasisie sks boa lal 23.29 1:5.95 165 
Tle ae pines See ere 168.18 23.05 1:5.88 152 
il Dixcvareivrs opexercinwieie- 169.63 23.47 1:5.93 154 
UGB re cB onerseaie. 173.48 23.44 1:5.95 162 
Hftet Smerstapspe areo wei 174.34 23.49 1:5.96 159 
IC} Re aceasta 173.46 23.21 1:5.96 156 
1 Or eivenetpeponas spercita'ts 173.21 23.00 1:5.96 152 
QORe sa tioenecs. seh 173.77 22.91 1:5.96 154 
Oi cote Spkshemrerers ete 174.48 22.86 1:5.96 146 
PRE ERIE ICES 5 178.35 22.50 1:5.96 125 


Average per head. 


sof | Percent | Pounds 
: fat. of fat. 

50 3.35 6.27 
.42 3.33 6.37 
.50 3.38 6.17 
75 8.58 6.47 
75 3.19 5.61 
50 3.44 5.73 
(oN anos 5.82 
58 3.16 5.30 
15 3.05 5.02 
.oo 3.07 5.14 
.20 3.45 5.84 
.92 3.32 5.48 
.67 3.32 5.49 
.83 3.40 5.20 
.08 3.60 5.55 
.83 3.50 5.70 
allel 3.52 5.60 
.50 3.59 5.61 
67 3.73 5.69 
.67 3.53 5.46 
-42 3.5 5.14 
33 3.84 4.81 
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TABLE I — (Continued). 


AveERAGE Recorp or Lor C. (Wipe Ratton). 


——— a2 


WEEK. 


Cae OA OICLO ICI) CRC Tecae 


Dry matter consumed. 


Per head |Per1000lbs.| Nutritive 
weekly. daily. ratio. 


150.20 21.56 
149.62 21.28 
145.43 20.52 
146.73 20.49 
151.28 20.95 
147.63 20.35 
150.14 20.50 
147.16 19.93 
148.75 20.07 
146.44 19.62 
151.65 20.17 
146.15 19.33 
147.62 19.45 
146.49 19.21 
147.31 19.27 
154.39 20.16 
156.13 20.33 
156.13 20.29 
157.72 20 33 
158.73 20.26 
160.76 20.32 
161.01 20.56 


pula ae onlenlonl anion a edletl alee iat ded oo ae os 
Go Go Go Go Go Ge Go Go Go Ge Ce Go Go Go Go Go Go Go Go Go Go 


HHH WWW WHE WHWH WH WHO 33 
ANH SASWOOrEAIDNDOWTIWWDS 


Weekly product of milk and fat. 
Average per head. 


Pounds of | Per cent Pounds 


milk. fat. of fat. 

180.838 3.31 5.99 
177.92 3.20 5.69 
173.83 3.54 6.16 
166.75 3.55 5.92 
162.00 3.37 5.46 
152.67 3.48 5.24 
164.25 3.08 5.06 
164.92 3.22 5.31 
145 . 25 3.74 5.43 
154.92 3.20 5.03 
154.25 3.30 5.08 
153.42 3.31 5.08 
153.67 3.37 5.18 
147.75 3.21 4.75 
143.17 3.60 5.15 
146.83 3.45 5.07 
146.33 3.29 4.82 
142 .%5 3.52 5.02 
139.92 3.87 5.42 
141 .67 3.58 5.07 
136.50 3.65 4.98 
135.33 3.63 4.91 


| 


Tue Seconp Experiment, 1896-7. 


This feeding trial continued for twenty-two weeks from Novem- 
ber 11, 1896, to April 13, 1897, and was conducted by the writer. 
_ The names of the cows used are given below together with their 
breed, age, number of days in milk and weight. It will be noticed 
that these cows are the same that were in the first experiment with 
the exception of Jennie 2d, in lot C who took the place of Glista 


Netherland. 
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ea ees 
nfs a8 a 
NAME AND BREED. Age.| 38 Pe | ee | Gain. 
Ei pe | e® 
Zz Bie: 
ue) 
Lor A: 
Garnet Valentine, A. J. C. 73873.. ....... 5 74 920 | 1020 100 
Belva 2d, 15-16 Holstem! 2. .iSe.2..60- 3 50 1012 | 1200 188 
Julia +2 Holstein’ 52 ees. AA eee 5 62 1247 | 1388 106 
Lor B: 
Cherny, etade! Jerseyjanii4-- a -eeiee: soe 3 54 809 | 928 119 
Calved 
Dorandion| GO HOlSheinh: pea p eee nae 5 |Nov. 20.) 1181 | 1213 32 
Gilistar4theebls Hs Elen SIA0S sen aero coe 4 60 =| 1187 | 1289 152 
Lor C: 
Claray CTAade: J eCTSCViect cyt o14 -puseeetae o> hie 4 68 1030 | 1062 32 
Calved 
Jennie 2d, Jersey-Holstein.. .-....... «.. 3 | Nov. 8.} 857 | 952 95 
May 2d)\ $ Holstein: i) ao0 0. are spyy- 2 2h ee 4 44 1124 | 1191 67 
| 


The daily rations of the cows in each lot were made up as follows: 


Lot A: 

Grain mixture...... ENS be SE SSS 5c) STAR ce ST SS 8 to 12 pounds. 
Gluten ifeed:.. Ae cake. sf. BRR on + SRE ae cit EA ees seers 3 parts. 
Cottonseed meal y.f...'5 eee 2 ee sl eeede ess cons 2 parts. 
Wiest brant Ricks t. SSeiee 5. 6 Pee ie. ee arn 1 part. 

(GloL MIS IES teas a5 18n Ab aun dott ae aencticcoeee race shasae 35 to 45 pounds. 

@Cloverthiy 4 = 11. HESS . 5. Bh serdon-k eb dees. oh Oh. Sepa ar 6 to 12 pounds. 

NIGLIGIVE TAEIO Ss Ses NSS Bins ta vavevaiora cocrotaonal ehoteeanena epee tniebmmensiornic 1:4.5 

Lor B: : 

Grail MUKtUNE! ae) sires tes cts sles ion aes oe Crore wie eee teers 8 to 12 pounds. 
Gluten feed > ...20s. |. 2 waeweiore tts see eicee ee aoe eres 2 parts. 
Gorm anal yes vic wave cars ace Gis oes Se eisser sicie Sone leva eee reenter elton 2 parts. 
IW heat Dial seyd cee Seeker ts geek teectishissvas- cher eseiee 2 parts. 
Hinseed! oil meal. ,.c. Sets reepas aie wiaisusng ce ore era ERI oie 1 part. 

Corn silage) (2201 BR sate EERE ahh s ERE Eee he 35 to 45 pounds. 

COMED DAVce ac. 2 0G 3,08 ein ees Rae ee eer a eee ae eran 6 to 12 pounds, 

INUGTHGT Ve TAHLO Rey. cc cree oie ore cratemte sere teictere ctete etree east ateneemmetaete 1:5.7 

Lor C: 

Grain mixture, dayst itd -eiciyl Saleh astern ee yao 8 to 11 pounds 
Coen meals. So lor. sheorn ne sed ere oS ae ee eee sce isabeforetey RAG 2 parts. 
Wihestibrantit: 3492. QE Aaah. SU ee TEI Ae. Shs haere 1 part. 

Cormeilave ss. oanc s «dicen sosege ae elomee se oe tiem eer 39 to 40 pounds. 

Mim othy, Hanae: oe aio-s.0:sic~, <i ales uate myeloma ie pee ee 4to 8 pounds. 

INIMETIGTV Comabl Oss ae ors c= concise isles cir stele reife cienebeneneretsces iene temmret 1:9.3 


Calculating each of these rations on the basis of eight pounds 
of grain, eight pounds of hay, and 40 pounds of silage, each cow 
would receive the following number of pounds of digestible nutri- 


ents per day. 


a 
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Protein. Teas: Fat. Ee 
MO tieAY MN ATTOW: RADIO () 01. ake 6 2 2X00 che se 3.08 10.63 ilaals: 1:4.3 
HOPE Le CNUMMer an LOnsrcrssm cra eie cee a see Deol 11.67 .87 1:5.7 
hot Grewaide Srationiccd. cfae. <5... scien 1.56 12.96 .67 1:9.3 


Beginning with January 6, each cow was fed five pounds of man- 
gel-wurtzels per day, which amount was increased to 10 pounds in a 
few days and so continued until the close of the experiment. 

Table II contains the average record of consumption of food and 
production of milk and fat for each of the three lots of cows named 
above. The data given includes the weekly average consumption 
of dry matter per head, the average daily consumption per 1000 
pounds live weight, the nutritive ratio, the average weekly yield of 
milk and fat and average per cent of fat. 


PAB LEE: 


AVERAGE ReEcorp oF Lor A. (Narrow Ration). 


Dry matter consumed. Wcten vere ee fat. 
WEEK. 
Per head Per 1000 Nutritive Pounds of | Per cent Pounds of 
weekly. | lbs. daily. ratio. | milk. fat. | at. 
Pen ty J 0 167.19 | 92.63 | 1:4.15-| 184.42 | 3.87 | 6.21 
U8 ie ee 169.34 22.98 1:4.11 188.33 SOL | 6.24 
ents Shai Ch She ees ae 172.81 22.67 fea MST TS 3.20 | 6.14 
ZL ole eae ae “172.98 22.382 1:4.00 178 . 25 3.44 | 6.13 
Dera eee felt ig 169.36 21.82 1:3. 94 177.08 3.21 a 5.64 
(Gh gee Or ete iee 175.30 22.48 1:4.01 Grete 3.20 5.64 
The'S.0 SR ere 176.12 22.47 1:4.08 166 .50 8.29 5.41 
Serres ec ch eee 178.18 22.61 1:4.04 169.92 3.08 §.24 
Gar eee eee 163.61 20.50 1:3.98 153.33 3.26 5.00 
TNU)5.5) 9 dA Se ei a 142.36 18.59 1:4.12 150.58 3.37 | 5.08 
lil ois GeO oe 169.11 21.52 1:4.03 161.75 3.27 5.28 
TAL Sasa ireetaels 163.36 20.74 1:3.96 152.08 3.17 4.82 
Gua! 3 ery cate Ree Ae 169 .52 21.56 1:3.95 147.92 3.15 4.66 
1b tee a eee eee 1b} 21.55 1:3.90 156.83 | 3.34 5.23 
WOE es ee ee al 173.60 21.76 1:3.93 155 . 67 3.26 5.08 
Gare or oe | 178 . 23 22.07 1:3.92 150.58 | 3.22 4.85 
: lee | 182.63 | 22.51 | 1:3.94| 152.25| 3.21 4.88 
eka goak cee ae aes | 179227 21°93) |,..1-3+98 151.17 | 3.41 5.15 
RO ercsereghsl s, W2¥. vor. | 176.46 21.52 1:3.92 | 148.83 3.32 4.94 
PAS da BGs eae Se ee 174.74 21.16 1:3 .91 148.58 3.3 4.92 
Poll, eS ee ee 175.69 21.20 1:3.91 150.75 3.37 5.09 
Oe ae eb: 174.61 20.87 1:3.90 148 .50 3.36 4.83 
| 
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TABLE IIl— (Continued). 


Averracr Recorp or Lor B. (Mepium Ratton). 


ne 
WISESDAWOSWVIOSIPW 


Dry matter consumed. Ww ee Si pees fat. 
WEEK. = 

Per head Per 1000 | Nutritive | Pounds of | Percent | Pounds of 

weekly. | lbs. daily. ratio. milk. fat. fat. 

MRL lela ernie *162.22 23.96 1EDeoSr i sleeao 3.67 6.7 
Wer wakes hee ots eeToR *164.89 23.76 1:5.04, |) “189225 4.04 7.6 
WSs oat Aes ee *166.15 23.44 Tsay Staee ie colloids 255 3.83 6.9 
PAS Se aS aba oe 164.90 Pil ete 1:5.59 221.08 3.84 8.5 
SIA DEI OD RO 169.20 22.42 1:5.58 227 .33 3.43 their 
Pea vere ie aaa 164.48 21.80 1:5.54 195.17 3.98 best 
Ad eR Cat re 170.53 22.53 1:5.56 204.25 3.63 7.4 
Pe 175.99 23.20 1:5.59 214.92 3.34 heal 

bes OY RNR Pty CRE a Ieee Ae Ronen 1:5.94 217.42 3.42 7.4 
Ob She oh ak betae 180.81 23.87 1:5.93 216.16 3.36 7.2 
GR Soe 176.58 23.32 1:5.46 210.33 3.51 7.3 
BAER Nclevshoecre or 166.01 21.85 1:5.42 201.50 3.40 6.8 
SPRL ROE NE RORe 175.91 23.27 1:5.47 204.58 3.47 Ks 
WADE Aoi. Ste 178.59 23.14 1:5.46 207.08 3.51 The 
Me Taecnycreserivejenskenerale 184.10 23.92 1:5.47 215.92 3.50 7.55 
rere A aietaarsle reuse 186.78 24.03 1:5.47 205.17 3.57 7.338 
Tea Stes ses 186.35 28.75 1:5.47 208.42 3.43 imal 
Aa aravauaholes elecsaaetees 186 . 92 23.78 1:5.47 214.42 3.45 7.39 
Havers > Jocapeis tienes oGckens 182.40 23.09 1:5.46 209.00 3.65 7.63 
We ferahsys aISMere in wastalie 181.98 22.94 1:5.46 208.33 3.41 ifsall 
Vey BAO OAS OE 181 .27 22.76 1:5.46 202.25 3.62 7.338 
EN Gc ee ores 181.55 22.65 1:5.46 199.83 3.55 7.09 


* Average for two cows. 
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TABLE II — (Continued). 


Averace Recorp or Lor C. (Wine Ration). 


Dry matter consumed. WEE eee hier ee fat. 
WEEK. = l j 
Per head | Per 1000 | Nutritive | Pounds of | Per cent | Pounds of 
weekly. Ibs. daily. ratio. milk. fat. fat. 
1 Sate eee Cee *129.38 17.37 Icelstsie | cater a'r) 3.63 6.53 
ee POSN.. otoan See 141.92 20.56 1:9.02 189.08 3.96 7.49 
Bobs 2 Sia cics, 28a iakaieve 147.75 21.21 1:8.99 186.25 3.95 7.35 
ce DECODES IEEE 144.62 20F re 1:8.95 174.17 4.09 7.12 
Ohh, «ete oeeke 138.80 19.52 1:8.79 169 . 92 3.89 6.61 
(op eae See 149.93 21.48 | 1:9.08 169.33 3.78 7.39 
HOt RRA tio GARI E 153.89 21.97 1:9.12 156.75 3.63 6.18 
SRA es isi ste Gia obs 156.10 22.23 1:9.15 169.42 3.13 6.32 
USE LS ae en ae 155.15 22.12 1:8.90 167 .50 3.99 6.68 
QS os Bia teas aoe Oe 158.99 22256'| 1:8. 76 161.42 4.05 6.54 
Lj lege SSE EERE ee 158.09 Pea lye leis Ut 160.92 4.06 6.53 
1 Becio Guido. ore Mee ae 152.95 21.538 1:8:75 | 157.08 4.10 6.44 
iBT Lae cue Oat eneae 159.51 22.42 1:8.80 155.838 4.06 6.32 
[ist SEINE bt ee Ao 158 . 27 22.04 1:8. 69 157.42 4.06 6.39 
1 ecto ena oe 159.68 22.44 1:8.69 158.33 3.99 6.32 
IC He A ceca Srommnee 152.38 20.90 1:8.55 147.92 4.18 6.18 
Theta We <n eTgsiere © Woes 154.93 21.04 1:8. 56 158. 42 4.06 6.23 
1S ORS Ce Sean ae ace 157.59 21.37 1:8. 61 151 . 67 4.06 6.16 
OWS here aL oe?! 151.51 | 20.40 1:8.51 146.25 4.16 6.08 
OO ETS Fert tes vs ee tes *160.50 21.62 1:8.53 | *161.38 3.64 5.88 
| 


* Average for two cows. 


Before entering upon any discussion of these records it is neces- 
sary to make a few explanations in order that a clear understanding 
of them may be obtained. The first experiment went through 
without any irregularities or illness of the cows, sufficient to cause 
variations that should be noticed when drawing conclusions. But 
during the second experiment there were some irregularities that 
need to be noticed. 

In lot A, Table II, Julia was taken sick during the ninth week 
of the test and fora few days her milk yield fell off nearly one- 
half. Her illness and slow recovery considerably reduced the aver- 
age milk and fat yield as may be seen by a glance at the table. 

In lot B, Dora did not enter the experiment until the fourth 
week and was then fresh in milk. She was giving from 40 to 50 
pounds of milk daily, which amount increased the average yield, 
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as is seen in table II. During the sixth week she was “off feed ” 
and her milk fell from 325 pounds during the fifth week to 232 
pounds. At the same time her average per cent of fat was over 
one per cent higher than during the week previous as well as dur- 
ing the following week. This explains the high average of 3.98 
per cent during the sixth week. She quickly regained nearly her 
former flow and at the close of the experiment was averaging 42 
pounds per day. 

In lot C, Jennie calved November 8 and entered the experiment 
the second week fresh in milk. Her coming into this lot increased 
both the average yield of milk and the per cent of fat for the 
second and succeeding weeks. During the twentieth week Clara, 
of lot C, was taken suddenly ill with a high fever and died. Upon 
examination she was found to have accumulations of fatty tissue in 
close proximity to the vital organs. During the twenty-first week, 
May, of lot C, was taken ill in a similar manner to Clara, but her 
life was saved. It will be remembered that the cows in this lot 
received a highly carbonaceous ration. The grain consisted of two 
parts, by weight, of corn meal and one part of wheat bran, while 
the silage was rich in corn and had been increased five pounds each 
about a month before the cows became sick. It may be that so 
highly carbonaceous a ration has a heating tendency upon the animal 
body. If this be the case, feeding the ration for so long a period, 
might, in its cumulative effects, result as disastrously as mentioned 
above. Although Jennie 2d came through the experiment safely 
on the same ration, still, when the effect upon Clara and May is 
considered, we cannot help concluding that the ration is not a good 
one for long, continuous feeding. ; 

To return to the study of the comparative effect of the three rations 
upon the yield and quality of milk, the results show that there is 
practically no difference between them so far as their effect on the 
percentage of fat is concerned. In general there is a gradual increase 
in the richness of the milk from the beginning of each experiment 
until the end, regardless of the kind of food. An average of the per 
cents of fat for periods of four weeks each will present the fact 
more clearly, and such an average is given in tabular form below. 
The first two weeks are omitted in striking the average in all cases. 
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1895-6. 1896-7. 
Lot and kind of ration. Lot and kind of ration. 
A B (0; A B Cc 
Narrow. Medium. Wide. Narrow. Medium. | Wide. 
per cent | per cent | per cent | per cent | per cent \ per cent 
fat. fat. at. fat. fat. | fat. 
1st four weeks.... 3.46 3.40 3.47 3.25 3.77 3.93 
2d four weeks.... 3.29 3.14 3.32 3.24 3.44 3.85 
ed four weeks.... 3.44 3.30 3.27 3.23 3.47 4.07 
4th four weeks... 3.54 3.55 3.47 3.28 3.49 4.07 
5th four weeks... 3.68 3.65 3.68 3.34 8.56 a8} 


An average of this kind balances the variations from week to 
week, and places the per cents of fat in a light where conclusions 
can be more readily drawn therefrom. The reason for the high 
average during the first four weeks in lot B, year 1896-7, has 
already been indicated in the discussion concerning Dora’s entering 
the experiment when fresh in milk, and later becoming reduced in 
flow and increased in fat by forced feeding. Omitting this period, 
it will be noticed that the average for the remaining periods bear 
the same relation to each other as those for lot A. In the first 
experiment there was an increase from the beginning to the end 
with each lot of about two-tenths of one per cent of fat. In the 
second experiment this increase was about one-tenth of one per cent. 

When we examine the yield of milk and of fat we do not find the 
same uniformity as is observed in the per cent of fat. If anaverage 
be taken of the yield of milk and fat for the first four weeks after 
the first two, and for the last four weeks of the experiments we find 
the following per cent of decrease from beginning to end : 


1895-6. 1896-7. 
Lot and kind of ration. Lot and kind of ration. 
A B Cc | A B Cc 
Narrow. | Medium. Wide. Narrow. Medium. Wide. 

Per cent decrease 

ranreayll ey Ie ae 17.5 | 18.0 15.5 | 17.8 3.0 14.4 
Per cent decrease 

Lnetabaecets es sss 12.0 12.0 12.0 15.6 6.0 10.3 


The decrease for 1895-6 was the same with all rations except for 
a slight difference in favor of the cows receiving the wide ration. 
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During the year 1896-7 the yieids are not so uniform, but lot B 
shows a much smaller decrease than either of the other lots. Taking 
both experiments into account it would seem that the medium 
ration had a more favorable influence upon the continued production 
of milk and total butter-fat than either the wide or narrow rations. 
Yet, if individual cases are considered, we find Belva 2d, on the 
narrow ration, holding out in her milk flow during both years as 
well as, or better than, any of the cows on the medium ration. 


Nomser or Pounps or Dry Marrer Reeurrep In Eacu Ration to 
Propucer 100 Pounps or MiLK AND onE Pounp or Far. 


Lot A. Lot B. Lot C. 
Narrow ration. Medium ration. Wide ration. 
Milk. Fat. Milk. Fat. Milk, Fat. 
1B9D=-G 3. Nos See 90.2 26.0 102.8 30.1 98.3 28.7 
SOG = Tae cie ercapesc 106.6 32.3 85.2 23.9 92.8 23.4 
Average..... 97.5 28.8 93.0 26.6 95.7 25.9 


Weiaut oF Cows. 


Whether or not the different rations had any particular effect 
upon the live weight of the cows may be studied by recourse to 
data already given, but an average of the gain of each lot during 
the twenty-two weeks together with their average age is tabulated 
here, for more ready reference. During the first year none of the 


Lot A. Lot B. Lot C. 
Narrow ration. Medium ration. Wide ration. 
Agena) Om P| Ames) ORE PS care | CMR 
1895-6). oh soc aye 3 1-3 163 3 1238 3 145 
189680 to. Bac Hot 4 d-8 131 4 101 | 3 2-3 65 


cows had reached full age, and during the second year two of lot 
A and one of lot B were five years old. Since the cows in lot A 
were older than the others, it might seem that the narrow ration 
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had a tendency to fatten the animals more than the other rations. 
However the differences are so slight that it is safe to say that the 
gains in weight are due more to growth than to any particular effect 
of the food. 


CHARTs. 


In order to place the records for milk and fat presented in tables 
Tand I] more vividly before the reader’s eye the following six charts 
have been prepared. They show the average daily yield of milk, 
average per cent of fat, and average weekly yield of fat for both 
experiments. Passing from left to right in the charts each division 
represents one week. Counting upward, each of the small spaces 
represents one-half pound of milk, five one-hundredths of one per 
cent fat, or one-tenth of a pound of fat, as the case may be. 
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16.— Diagram showing the average daily yield of milk Sor each week during the 
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one week. Hach space between the horizontal lines represents one-half pound 


of milk. 


17.— Diagram showing the average daily yield of milk for each week during the 
experiment of 1896-7. Each space between the perpendicular lines represents 
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Each space between the perpendicular lines represents 


Hach space between the horizontal lines represents five one-hun- 


dredths of one per cent of fat. 


experiment of 1895-6. 


one week. 


18.— Diagram showing the average per cent of fat for each week during the 
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Each space between the perpendicular lines represents one 


week. Each space between the horizontal lines represents five one-hundredihs 


of one per cent of fat, 


19.— Diagram showing the average per cent of Sat for each week during the expert- 
ment of 1896-7. 
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21.— Diagram showing the average weekly yield of butter fat during the experiment 


Each space between the perpendicular lines represents one week. 
Each space between the horizontal lines represents one-tenth of one pound of 


fat. 


of 1896-7. 
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Frreping Patm Nur Meat. 

To carry still further the study of the effect of food upon milk 
production a trial was made with palm nut meal. This work was 
carried on during the winter of 1897 by George N. Lauman, then a 
Senior in the College of Agriculture. An experiment with this 
food has a double interest because it is the one that Kiihn found 
would increase the per cent of fat in the milk, as has been seen in 
the summary of his work on pages 54 and 55. 

Palm nut meal is the by-product resulting from the extraction of the 
oil from the fruit of a species of palms which are native to the west 
coast of Africa. . It is a highly nitrogenous product, its percentage of 
digestible composition being protein 16.6, fiber 16.6, nitrogen free 
extract 41.4 and fat 3.6. In Europe, and especially Germany, it has 
long been a popular dairy food because of its stimulative effect upon 
milk production, although not all feeders and experimenters have 
found it to increase the fat content of the milk as was reported by 
Kiihn. 

The meal used in this experiment was imported from Germany. 
Six of the University cows were chosen for the test and divided 
into two lots of threeeach. Before giving them the palm nut meal, 
their regular daily ration had consisted of from 8 to 10 pounds of 
grain mixture, composed of three parts gluten feed, two parts cot- 
ton seed meal, and one part wheat bran, together with what silage 
and mixed hay they would eat. 

The names of the cows in each lot, together with their age, date 
of calving and weights, are given below: 


te of | Weight | weigh 
NAME OF BREED. Age. ene. begin- andiee. | Loss. 
Lot No. 1. 
Glista Netherland, H. F. H. B. 32442..) 5 | Oct. 21, 
1895. 1839 1289 50 
Gem Valentine, A. J. C. C. 57881..... 8 | Sept. 6, 
1896. 1071 973 98 
Moliieralb=16sElolsteinees ssa 7! Oct. 24, 
1896. 1848 1267 81 
Lor No. 2. 
Mabel 2d, Jersey Holstein..... ...... 2 | Oct. 15, 
1896. 902 832 70 
Ruby; 2 Holstein. <i is)snione.ceailic ease 8 | Dec. 26, 
1896. 1369 1191 178 
Nadie. Lb=16 Holsteins aceite 5 | May 1, 
1896, 1407 1386 21 
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The feeding of the palm nut meal began January 20, 1897, and 
continued for six weeks. During this time the ration of lot No. 1 
remained constant, while that of lot No. 2 was increased as indi- 
cated below. The daily rations were made up as follows: 


Lot No. 1: 

Erg 2a 0), {000 ba AUG Ke ie eae PRE oh aR OR, SS Bo) A 10 to 18 pounds. 
Palmegnutamesiigg. - 3 eee). os Nee betas, 1a ee ool oe 2 parts. 
(EATS) C00 ee aes ee REM oOS nL Rarer Perias Aan eae 2 parts. 
CAA DRA Hs IE Sai Ate ete eRe oe iubycdes a oictens Aae 1 part. 

RURIIME I eye ORE Mea Aca MOE a ce aR wet cote Cie SR wun Ae Sosa Op oe sigs 35 to 45 pounds, 

Nieved fiaty! as sctees BAA OSA EOL . SR AL 10 to 13 pounds. 

Diruiithve Tatia?. 15275 3-14.-.d).30°3 He-aneet dtd settee sae AG). 


Calculating this ratio on the basis of 10 pounds of grain, 10 
pounds of hay and 40 pounds of silage it would contain the follow- 
ing number of pounds of digestible nutrients: Protein, 2.7; car- 
bohydrates, 14.1; fat, .96, and 26 pounds of dry substance. 


Lot No. 2: 

Grain mixture. 
12 iit ee: oe oe : Sere ae ee ae 4 parts. 
(Elli suF'2)s da 13 2 loa andy ote eee Ne Ae ge ae Pn Pe em 3 parts. 
AOC SECO MICH re ae ta. corel ce dpa he aude nto, 2 parts. 
VIVE CE its TO ETE baie Hews ra yc carck mmstnrce eae atayen aot ecrmrc ay ewaraeais 1 part. 

COMBS CDi. afeseroaate< ME. d eae App egatle «TER. dsatar 30 to 45 pounds. 

EL RCOBT re eve int Skicyre thie Aad d tate cage etic bee RBS Site 7 to 10 pounds. 


The amount of course fodder given this lot did not vary materi- 
ally during the whole experiment. The quantity of the grain mix- 
ture fed was increased as follows: 


January, February, February, 
20-31. 1-6. 7-28. 
MAD elt tasaak ase tele ap eels eee 7 8.5 10 
yi eee eet) OS deh Ge 10 12 14 
SEIGIIE NS Sorc bicep cic eH Chcici Mere ia 10 12 14 


Calculating this ration according to the quantities eaten by Ruby 
and Sadie, and considering the amount of silage and hay consumed 
as 40 and 10 pounds respectively, we have the following amounts 
of dry matter and the number of pounds of digestible nutrients 
consumed daily during the different periods : 
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January 20-31..... 
February 1-6 


February 7-2 


seo ae 


Dry matter. 
Protein. eee Fat. 
Per head. | Pet 1000 | 
26.06 | 20.00 3.09 | 18.52 il 
27.87 |) 2ibt 3.52 | 14.42 ie 
29.68 | 22.83 3.96 | 15.82 1. 


Nutritive 
ratio. 
08 1:5.16 
22 1:4,84 
35 1:4.64 


On February 24 the proportion of palm nut meal was increased 


from four to six parts in the grain mixture so that it made up one- 


half of the grain ration. 


On the first of March the meal was dis- 


continued and all the cows returned to the same ration which they 


received before the trial. 
Table II] contains the yield of milk and butter-fat of each cow 


under experiment for six weeks before and six weeks after the palm 


nut meal was fed as well as during the period of feeding the meal. 


PARLE Awe 
Werexkty Propuct or Mitxk Anp Far or Lor No. 1. 
Glista Netherland. Gem Valentine. Mollie 
Eaton 4 * PS ae 
each perio 7 — 
of six weeks. | Pounds peel: Pounds} Pounds Eo {/Pounds| Pounds ere Pounds 
of milk. of fat. | of milk. | of fat. | of milk. of fat 
fat. fat. fat. | 
(| 204.25] 3.00] 6.13] 157.00] 5.20| 8.16| 334.25] 2.60| 8.69 
Usual ration 217.50| 3.15| 6.85 | 176.50| 5.30| 9.35 | 347.50] 2.95 | 10.25 
of silage, 207.50} 3.00| 6.23| 145.50] 5.35| 7.78 | 321.50] 3.40| 10.93 
hay and 211.00| 3.251 6.86| 116.00} 4.85| 5.63 | 313.50] 3.00| 9.41 
grain. 202.75 | 3.25| 6.59! 118.50| 4.85| 5.75 | 305.50] 2.65 8.10 
201.50| 3.50] 7.05 | 131.25] 5.50] 7.22 | 299.50] 3.10 9.28 
Total...... 1244.50 | 3.19| 39.71 | 844.75| 5.20) 43.80 | 1921.75| 2.95| 56.66 
| 
206.50 | 3.20| 6.61| 127.75| 5.52] 7.05 | 311.00] 3.17] 9.86 
196.501! 3.38| 6.64] 123.25| 5.88| 7.25] 2938.50] 3.26 9.57 
Palm nut 182.25 | 3.41| 6.21] 122.75| 6.00| 7.37 | 295.25] 3.38 9.98 
meal ration. 187.00 Ber) 7.01 117.75 5.98 7.04 296.75 3.48 10.33 
184.00 | 3.48| 6.40| 117.50| 5.57] 6.54| 298.7 3.35 | 10.01 
164.75 | 3.75 | 6.18| 105.50| 5.85 | 6.17| 295.00] 3.58] 10.41 
Total ...... 1121.00| 3.48| 39.05 | 714.50] 5.80| 41.42] 1790.25] 3.36| 60.16 
139.50| 3.42] 4.77] 111.50] 5.73 | 6.39 | 285.50] 3.07 8.76 
*62.00| 3.60| 2.23] 114.75| 6.00] 6.89| 315.50 3.30 10.41 
aie. [itd stamea hes Bac aitees ies 108.00 | 5.65 | 6.10 | 304.00 a 
seh eAMION . Ns eee eee 93.75 | 5.95 | 4.98| 307.75| 3.25] 10.00 
Ce Fe een le ys 93.25 | 5.7 5.36| 294.00 3.40] 10.00 
Ci pane [etetar a a a 93.75 | 5.85 | 5.48 | 290.75 | 3.25 9.45 
Total ...... 201.50 | 3.47| 7.00} 605.00| 5.82 | 35.20| 1797.50| 3.81] 69.41 
* Went dry. 


‘ 
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TABLE II] — (Continued). 


WEEKLY Propuct or M1Lk AND Fart or Lor No. 2. 


Mabel 2d. Ruby. Sadie. 
Ration fon = = 
each perio - 
of six weeks. | Pounds Ben 'Pounds| Pounds eee Pounds} Pounds eee Pounds 
of milk.| ¢ of fat. | of milk. of fat. | of milk. of fat. 
fat. fat. fat. 
Fle) tester)! (Stool Pete) lee... We lieve. (eta 169.7 3.30 5.43 
Usual ration (AOS | ARID |. GiRe | tthe k | osaecs | wccene 163.50 | 3.05 4.99 
of silage, denies Naina behen eOrk conde, re geste lt Soehee 147.00 | 3.40 5.00 
hay and 167.50 | 3.95] 6.62 | 336.25| 3.75 | 12.61] 141.25| 3.69 5.09 
grain, 176.00 3.90| 6.86] 385.25! 3.80] 14.64] 148.00] 3.45 5.11 
171.00| 3.45| 5.90] 408.00| 3.50] 14.28] 144.50] 3.90 5.64 
Total...... 1047.75 | 3.8 | 40.39] 1129.50] 3.67] 41.53] 914.00] 3.42] 31.26 
(| 160.25] 4.07| 6.52] 484.25] 3.26] 14.16] 182.25] 93.22 4 26 
148.75 | 4.58| 6.81 | 439. 3.281 14.40] 119.75] 3.28) 3.93 
Palm nut 150.75 | 4.38] 6.53 | 418.75 | 3.25] 13.61] 119.50| 3.33 3.98 
meal ration. 152.00} 4.53| 6.89 | 423.25| 3.26! 13.80] 122.50| 4.06 4.97 
148.75 | 4.35| 6.47 | 492.95| 3.21 | 13.55] 122.75 | 3.28 3.96 
149.50| 4.18| 6.25 | 415.75 | 3.35] 13.93] 118.75 | 3.46 3 94 
Total ...... 910.00 | 4.34| 39.47] 2553.25 | 3.27| 83.45| 730.50| 3.43| 25.04 
162.25] 3.69) 5.99| 409.50) 3.00/ 12.29] 104.25] 3.12 3.25 
169.75 3.80 6.45 | 389.50 3.20 12.75 104.75 2.30 2-41 
; 170.5 : 6.56 | 492.75 | 2. 11.84 97.7. : 3.32 
Usual ration. 171.00} 4.00) 6.84] 397.50] 3.25] 12.92 86.75 | 3.30 2.86 
|| 173.25] 4.35] 7.54] 374.25 | 3.25] 12.16 77.50 | 3.7 2 87 
(| 174.00] 3.75 | 6.53] 345.50! 2.90] 10.02 67.25 | 3.45 2.32 
Total ...... 4020.75 | 3.91 | 39.91 | 2348.00! 3.07 71.98 | 588.25 | 3.16 | 17.08 


| 
| 


A clearer understanding of the variations in the per cent of fat 
during the eighteen weeks may be obtained by finding the average 
per cent in periods of three weeks each. A table of such averages 
is given below. In order to make the study more complete, there 
is placed in the same table the average per cents of fat found in the 
records of three cows which were in the second experiment described 
on page 67. The per cents are the averages for the periods of three 
weeks each which are coincident with those in which palm nut meal 
was fed. It will be remembered that the rations of the three cows 
were unaltered during a term of twenty-two weeks. 
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TABLE IV. 


AVERAGE PER Crnt or Fat 1n Periops or THREE Weeks Eacu. 


Lot No. 1. Lot No. 2. 


Nether-| Valen- | Mollie. | Mabel | Ruby. | Sadie. 


Usual ration, Dec. 9 to Jan.19: 
MiTrsti TEE wnwieekSy ws assert cis eel eine 3.06 | 5:28 | 2.9 
Second three weeks....... ........ 3.39 | 5:09 | 2.9 


Palm nut meal ration, Jan. 20 to Mch. 2: 


Mirstathree weeks: .! pastes aoc 3.32 | 5:80 | 3.27 | 4.382 | 3.26 3.28 

Second three weeks .........0.00-. 32045) 25, 802 3.4004 oD aloe 3.58 
Usual ration, March 8 to April 13: 

Hirst three weekst! .). ds... e8.. 2: 3.47 | 5:80 | 3.31 | 3.78 | 3.00 2.92 

Second three weeks................ nooo | wxee§ || atetD |) Zeca eisil2! 3.48 


Belva 2d.) Cherry. | Clara. 
RATION UNCHANGED. Narrow | Medium Wide 
ration. | ration. ration. 


December 9 to29 Mri Seats .G. . 2 DO RS ae etelere 3.02 5.37 5.11 
Decempberss0uto. January. 19). :0\.cccet moieties alpmeaoe 5.58 5.30 
JAMUATyscO COME DEMANY, O-1i.. << creiscsie ays orale! 1 areetototeotere 2.94 5.75 5.68 
February 10'to Marcas. 162 esc eieeise a. tees te topics 3.14 5.52 5.44 
MATCH S GOVROs .rencccter oo) cielo ate oe oe ae TEAS 3.238 | 5.55 5.46 
March, 24 to April 13). 2.6452 .2....- EES DOORS ORO 3.23 5.47 Easier 


Among the cows that were fed palm nut meal it is seen that allin 
lot No. 1 show in general a higher per cent of fat while the meal 
was fed than before, but this higher average is kept up for six weeks 
after the meal was discontinued. Mabel 2d of lot No. 2 is the only 
cow that shows a lower average both before and after feeding the 
palm nut meal than during that period, but her total yield of fat 
was less on the palm nut ration than on the usual ration. Ruby and 
Sadie each had a higher average before the meal was fed and nearly 
as high after as during the period of feeding the meal. Ruby’s high 
average at the beginning is probably due to her being fresh in milk. 
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A comparison of the records of all the cows in table IV shows that 
with one exception (Gem Valentine) there are no greater variations 
among the cows which alternated from the usual ration to palm nut 
meal than among those which were fed an unchanging ration. Thus, 
taking everything into consideration, we do not feel warranted in 
saying that the feeding of palm nut meal increased the per cent of 
fat in the milk. 


CONCLUSIONS. 


For two terms of twenty-two weeks, nine cows were fed in lots 
of three each on different rations, the nutritive ratios of which were 
about 1:4, 1:6 and 1:9 respectively. During this time the percent- 
age of fat in the milk of each lot increased slightly and gradually 
without regard to the kind of ration. 

For continuous feeding, the medium ration appeared to give 
better results as to yield of milk than either the narrow or wide 
rations. 

When the food of the cows was changed from the usual ration to 
one containing from four to seven pounds of palm nut meal and 
then to the usual ration again, there were variations in the fat con- 
tent of the milk, but no more nor greater than when the food of the 
cows was unchanged. 


Tur Fottowrina ButietIns ARE AVAILABLE FoR DiIsrrIBuUTION TO 


Tuosr Woo may Desire THEM. 


Removing Tassels from Corn, 9 pp. 

Greenhouse Notes, 31 pp. 

Apricot Growing in Western New York, 
26 pp. 

The Cultivation of Orchards, 22 pp. 

Impressions of the Peach Industry in 
INE RYS a col: 

Peach Yellows, 20 pp. 

Rome Grape Troubles in Western N. Y., 

pp. 
The Cabbage Root Maggot, 99 pp. 
Varieties of Strawberry Leaf Blight, 26 


pp. 

The Quince in Western N. Y., 27 pp. 

Cigar Case- Bearer, 20 pp. 

Winter Muskmelons, 20 pp. 

Forcing House Miscellanies, 43 pp. 

Entomogenous Fungi, 42 pp. 

The Spraying of Trees and the Canker 
Worm, 24 pp. 

General Observaticns in Care of Fruit 
Trees, 26 pp. 

Soil Depletion in Respect to Care of Fruit 
Trees, 21 pp. 

Climbing Cut Worms in Western N. Y., 
51 pp. 

Geological History of the Chautauqua 
Grape Belt, 36 pp. 

Extension Work in Horticulture, 42 pp. 

Spraying Calendar. 

Dwarf Apples, 31 pp. 

Fruit Brevities, 50 pp. 

Texture of the Soil, 8 pp. 

Boe of the Soil and Its Conservation, 
24 pp. 

Suggestions for Planting Shrubbery. 

Second Report upon Extension Work in 
Horticulture, 36 pp. 

Green Fruit Worms, 17 pp. 

The Pistol-Case Bearer in Western New 
York, 18 pp. 

A Disease of Currant Canes, 20 pp. 

The Currant-Stem Girdler and the Rasp- 
berry-Cane Maggott, 22 pp. 

A Second Account of Sweet Peas, 35 pp. 

A Talk about Dahlias, 40 pp. 

How to Conduct Field Experiments with 
Fertilizers, 11 pp. 

Potato Culture, 15 pp. 

Notes upon Plums for Western New York, 

1 pp. 


132 
134 
135 
136 
137 


138 


139 
140 


141 
142 
143 
144 


145 
146 


Notes upon Celery, 34 pp. 

Strawberries under Glass, 10 pp. 

Forage Crops, 28 pp. 

Chrysanthemums. 24 pp. 

Agricultural Extension Work, sketch of 
its Origin and Progress, 11 pp. 

Studies and Illustrations of Mushrooms;. 
I., 32 pp. 

Third Report upon Japanese Plums. 

Second Report on Potato Culture, 24 


PP. 

Powdered Soap as a Cause of Death 
Among Swill-Fed Hogs. 

The Codling-Moth. 

Sugar Beet Investigations, 88 pp. 

Suggestions on Spraying and on the San 
José Seale. 

Some Important Pear Diseases. 

Fourth Report of Progress on Extension 
Work, 26 pp. 


147 Fourth Report upon Chrysanthemums, 36 


148 
149 
150 
151 
152 
153 
154 


155 
156 
157 
158 


159 
160 
161 
162 
163 


pp. : 

Quince Curculio, 26 pp. 

Some Spraying Mixtures. 

Tuberculosis in Cattle and its Control. 

Gravity or Dilution Separators. 

Studies in Milk Secretion. 

Impressions of Fruit-Growing Industries. 

Table for Computing Rations for Farm 
Animals. 

Second Report on the San José Scale. 

Third Report on Potato Culture. 

Grape-vine Flee-beetle. 

Source of Gas and Taint Producing Bac- 
teria in Cheese Curd. 

An Effort to Help the Farmer. 

Hints on Rural School Grounds. 

Annual Flowers. 

The Period of Gestation in Cows. 

Three Important Fungous Diseases of the 
Sugar Beet. 

Peach Leaf-Curl. 

Ropiness in Milk and Cream. 

Sugar Beet Investigations for 1898. 

The Construction of the Stave Silo. 

Studies and Illustrations of Mushrooms; 


Studies in Milk Secretion. 

Tent Caterpillars. 

Concerning Patents on Gravity or Dilution 
Separators. 


Bulletins Issued Since the Close of the Fiscal Year, June 30, 1899. 


171 Gravity or Dilution Separators. 
172 The Cherry Fruit-Fly: A New Cherry Pest. 
173 The Relation of Food to Milk-Fat. 


88 


Bulletin 174. | November, 1899. 


Cornell University Agricultural Experiment Station. 


ITHACA, N. Y. 


PEE PROBLY NM OF 


Impoverished Lands. 


Being Suggestions for Investigation and 


Experiment. 


COMPILED BY 


Lo He BAILEY: 


PUBLISHED BY THE UNIVERSITY, 
ITHACA, N. Y. 
1899 


- 


ORGANIZATION. 


BOARD OF CONTROL: 
THE TRUSTEES OF THE UNIVERSITY. 


THE AGRICULTURAL COLLEGE AND STATION COUNCIL. 


JACOB GOULD SCHURMAN, President of the University. 
FRANKLIN C. CORNELL, Trustee of the University. 

ISAAC P. ROBERTS, Director of the College and Experiment Station. 
EMMONS L. WILLIAMS, Treasurer of the University. 

LIBERTY H. BAILEY, Professor of Horticulture. 

JOHN H. COMSTOCK, Professor of Entomology. 


STATION AND UNIVERSITY EXTENSION STAFF. 


I. P. ROBERTS, Agriculture. 

G. C. CALDWELL, Chemistry. 
JAMES LAW, Veterinary Science. 

. H. COMSTOCK, Entomology. 

. H. BAILEY, Horticulture. 

. H. WING, Dairy Husbandry. 

. F. ATKINSON, Botany. 

. V. SLINGERLAND, Entomology. 

. W. CAVANAUGH, Chemistry. 

. A, CLINTON, Agriculture. 

. M. DUGGAR, Botany. 

J. W. SPENCER, Extension Work. 

J. L. STONE, Sugar Beet Investigation. 
Mrs. MARY ROGERS MILLER, Nature-Study.* 
A. L. KNISELY, Chemistry. 

C. E. HUNN, Gardening. 

W. W. HALL, Dairy Husbandry. 

A. R. WARD, Dairy Bacteriology. 

L. ANDERSON, Dairy Husbandry. 

W. E. GRIFFITH, Dairy Husbandry. 
Mrs. A B. COMSTOCK, Nature-Study. 
ALICE G. McCLOSKEY, Nature-Study. 


WHOP Ome 4 


OFFICERS OF THE STATION. 


I. P. ROBERTS, Director. 
E. L. WILLIAMS, Treasurer. 
EDWARD A. BUTLER, Clerk. 


Office of the Director, 20 Morrill Hall. 
90 


Cornett University, | 
Irnaca, N. Y., WVov. 1, 1899. } 


HonoraBLE ComMIssIONER OF AGRICULTURE, ALBANY : 


Sir.—The one perennial inquiry at an Experiment Station is how 
to restore land to its original producing power. We have made 
many experiments and investigations to determine the problems at 
issue. A popular summary of these studies is given herewith. The 
chemical part of the subject has been prepared by G. W. Cavanaugh, 
under the supervision of Professor Caldwell. Full reports of three 
years’ experimenting with fertilizers are now being compiled for 
publication in bulletin form. 

This bulletin comprises the following subjects: 


Part I. How to Understand the Problem. 
A. Some reasons why lands become impoverished. 
B. How to reclaim depleted lands. 


Part Il. <A Crusade with the Farmers. 
A. Reading-Lessons Nos. 1 and 2. 
No.1. The Soil: What it is. 

No. 2. Tillage and under-drainage : Reasons why. 

B. Answers to the Questions on Five Reading-Lessons. 
No.1. The Soil: What it is. 


No. 2. Tillage and under-drainage: Reasons why. 
No. 3. Fertility of the land: What it is. 

No. 4. How the plant gets its food from the Soil. 
No. 5. How the plant gets its food from the Air. 


I. P. ROBERTS, Director. 
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Plan of a set of plats upon which the farmer may ask the soil and the plant 
what fertilizers are needed (see p. 99) : 


1...| S plat. 


cas) 


K plat. 20 Ibs. muriate of potash. 


3...) N plat. 20 lbs. nitrate of soda, or 40 lbs. tankage or dried blood. 


20 lbs. muriate of potash. 
4...) K Nplat. i 20 lbs. nitrate of soda. 


or § 20 Ibs. muriate of potash. 
( 40 lbs. tankage, etc. 


5...| O plat. No fertilizer. 


{ 40 lbs. plain superphosphate with 
6...) P plat. { 15% phosphoric acid. 


~t 


- { 20 Ibs. muriate of potash. 
K P plat. | 40 Ibs. superphosphate. 


20 lbs. nitrate of soda, \ 40 lbs. tankage, ete. 
20 lbs. muriate of potash, or~ 20 lbs. muriate of potash. 
40 Ibs. superphosphate. | 40 lbs. superphosphate. 


8...| NKPpla-. 


\ 
9...| NP plat. i 


0 lbs. nitrate of soda, \ 40 lbs. tankage, etc. 
4 


40 lbs. superphosphate. °" 7 40 Ibs. superphosphate. 
p 


Size of plats 1-10 acre. Upon each plat the same crop is to be grown, care 
being taken that the seed is pure and that each plat receives exactly the same 
amount of seed. 

S, means stable manure; K; potash: N, nitrogen; P, phosphoric acid; O, no 
fertilizer, 

The best arrangement is to have plats as narrow as they can be and still carry 
a reasonable number of rows of the crop, and, unless the field is too large, extend- 
ing from one side to the other, and across all unlike strips. Such an arrangement 
would reduce the labor of planting and tillage to a minimum, besides securing 
the probable advantage of greater evenness in results. 

A set of plats seventeen and one-half feet wide would carry five rows of corn 
or potatoes, with three and one-half feet between the rows; there would then be 
three rows to harvest for the measurement of the crop, the two outside rows 
being rejected. For cereals, as wheat, rye, barley and oats, plats as wide as 
could be sown with the drill, with two or three vacant spaces between the plats, 
would answer. For small] fruits, plats carrying three rows should be taken, the 
fruit of the inner row only being harvested for the measurement of the crop. 
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THE PROBLEM OF IMPOVERISHED LANDS. 


Part I HOW TO UNDERSTAND THE PROBLEM. 


“Some of my land will not produce a crop, although my father 
raised good crops on it. What shall I do to make it productive?” 

This is a common type of question. It is easily asked, but very 
difficult to answer. The first thing to do is to find out why the land 
is unproductive. The remedy then follows as a natural consequence. 
The disease must be diagnosed, as the physicians say, before it can 
be cured. 

If the cause of the unproductiveness is to be discovered, the land 
itself must be studied carefully, and the history of the field should 
be known. The man who is on the spot—the farmer himself — 
has the best opportunity to determine the cause of the trouble. 
One value of an education and of experiment station teachings is to 
help the farmer to work out his problems for himself. He can not 
only solve many of his problems better than the experimenters can, 
but he derives pleasure from the quest, and great comfort in being 
able to master his difficulties. 

The farmer who has worn-out land must study and experiment 
for himself. It is the object of this bulletin to suggest how this may 
be done. We will specify some of the leading causes of unproduc- 
tiveness, and then suggest inquiries. 


A. Somer Reasons Wuy Lanps Becomr IMpovERISHED. 


1. They may lack tillage and good care.— It is significant that 
impoverished lands are usually those which have been neglected. 
From insuflicient or improper tillage, lands become cloddy, hard, 
unresponsive and foul. In such cases it may be necessary to resort 
to summer fallow to correct the errors — to bring the land back into 
prime condition ; but it is rare that well-farmed fields need fallow- 
ing. See Part II, paragraphs 7, 8, 9, 14, 16, 25. 

95 


96 Bouuetin 174. 


2. They may lack humus or vegetable mould.— When in native 
conditions, in regions of sufficient rainfall, lands are covered with 
vegetation. As this vegetation dies it becomes incorporated with 
the soil as humus, making the soil mellow, dark-colored and rich. 
It enables the soil to hold moisture, lessens extremes of temperature, 
hastens chemical activities, and itself supplies plant-food. When 
vegetable matter is withheld from the soil, the humus is not replen- 
ished, and it is gradually used up. The soil then becomes hard, 
“dead,” very dry in dry weather and very muddy in wet weather, 
and is subject to great extremes of temperature. If the original 
basis of the soil is clay, the land bakes and becomes lumpy when 
ploughed ; if sand, it becomes loose and leachy. See Part II, para- 
graphs 5, 6. 

One great value of stable manure is to supply humus. Green- 
cropping is also exceedingly useful. A rotation of crops in which 
sod is one factor tends to maintain the supply of humus. Catch- 
crops (sown between other crops) may be used to replenish the 
humus; also cover-crops (those sown in fall for a winter cover). 
Long-continued cropping with one or with similar crops tends to 
deprive the soil of humus. When the farmer does not properly 
eare for the land, nature tries to force him into another rotation 
This is well illustrated in pastures and meadows in which daisies 
and wild carrot force out the poor stand of grass. Most of the 
depleted lands in New York are suffering more for humus than for 
plant-food. 

To determine by experiment whether a soil has sufficient humus 
is difticult, because the forms of available humus-producing materials 
also contain plant-food. Humus may be supplied by muck, stable 
manure, leaves or green-crops. All these contain the different 
plant-foods, and also a large amount of vegetable matter. To test 
whether a soil needs humus, apply these materials to several plats 
of ground, leaving one or more without them for checks. Stable 
manure might be applied to one plat, muck to another, a green- 
crop of clover, barley, buckwheat, ete., turned under on another. 
Nature uses leaves for making humus in the woods. 

3. They may need draining.— Under-draining lowers the water- 
table (or the zone of standing water), causing the soil to become 
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deeper and mellower. Well-drained soil is drier in wet weather and 
moister in dry weather than soil which is underlaid with a high and 
hard subsoil. Most of the cold, wet and so-called ‘* sour” lands need 
draining to make them productive. Even though they are not too 
wet for tillage, they may need the drainage for the purpose of deep- 
ening the soil and causing it to hold more air and moisture. Deep- 
rooting plants, as clover, tend to make soils deeper. Subsoiling has 
a similar tendency, but its effect usually is not permanent. Consult 
Part II, paragraph 9, page 103. 

4. The soil may become acid.— There are some cases in which 
the soil becomes sour to a degree that is injurious to many plants. 
This is true of some sandy uplands and sometimes is indicated by 
growths of sorrel, daisies and golden rod. The acid in soil can be 
detected by its reddening blue litmus paper (to be had at drug stores 
or at this Station). This over-acid condition often accompanies a 
lack of humus, and sometimes may be corrected by adding humus. 
It is also relieved by the use of ashes or lime, which have the power 
of neutralizing or sweetening acids. The ashes or lime should not 
be ploughed in, but harrowed in after ploughing, as lime tends to 
work downward. When experimenting with humus (see next page), 
an application of ashes on an adjoining plat may help solve the 
problem. 

5. Lhe soul may lack in useful plant-food.— Some of the leading 
plant-food elements may be nearly or quite exhausted; or, as is 
more usually the case, they may be in an unavailable condition or 
locked up. The chemist can tell if the soil which he analyzes lacks 
plant-food ; but another sample of soil from the same field may be 
very different in composition. There is very little uniform soil in 
New York, for nearly all of it is mixed glacial soil. But the chemist 
cannot tell how much of the plant-food is available to plants. Food 
which is nearly unavailable when he analyzes it, may be made ayail- 
able by a change in conditions or by better tillage; and that which 
is clearly available may become unavailable the same season. In 
certain very pronounced cases of depleted lands, the chemist may 
render much direct aid; but in general he can only suggest and 
advise, not prescribe. The only sure way to tind out whether more 
plant-food is needed is to experiment on the land in question. 
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B. How to Reciaim DepPierep LANDs. 


1. Lf you think they lack humus, apply stable manure or turn 
under a green-crop.— The best general green-crop is red clover, but 
it does not catch well on very sandy and very hard soils. Then 
begin with any crop which will grow — rye, buckwheat, corn, beans, 
anything to get a start. If the land produces weeds when left to 
itself, it is good enough to produce something else. Turn the weeds 
under, sow something, turn it under, sow again; in two or three 
years the results will be seen. 

2. Till frequently and wisely.— Many depleted lands need till- 
age more than humus or plant-food. Usually they need both. Pre-. 
pare the land thoroughly for the green-crop. Plow when the land 
is most fit. In very hard clays, try fall plowing. 

3. If the land is so poor that it is wholly bare, determine whether 
at is very acid. ILIf it ws, apply lime or ashes.— Apply some fer- 
tilizer to enable you to get a start of plants. The start once made, 
the future is yours. Plow under herbage; add plant-food as your 
experiments suggest. 

We have lands which are now so completely run out that the sand 
drifts and no plants can obtain a foothold. It is probable that they 
can be reclaimed, although it is a question if the reclamation will 
always pay. Analyses have been made of samples of some of these 
lands, and it is found that they contain liberal supplies of potash and 
phosphorie acid, but almost no nitrogen. They are almost wholly 
‘lacking in humus. The soils are so leachy that an application of 
nitrate of soda or other very soluble materials would probably be of 
little avail. Probably the best means of recuperating these lands 
is to make applications of stable manure and then sow rye or some 
other cover-crop for the purpose of making a body of humus in the 
soil. If stable manure cannot be had, tankage will be found to be 
a good substitute since it contains nitrogen ina more or less insoluble 
form. We advise persons who have such lands to experiment with 
a small piece, and when the experiments prove successful to 
extend them to a larger area. In the Old World, spurry is used to 
begin the reclamation of such lands. Seed can be had of the leading 
seedsmen. 
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4. Experiment with the land to determine what plant-food it 
needs.— To test the need of fertilizers, a trial of five plats mey be 
helpful : 

On the first, apply nitrate of soda at the rate of 200 lbs. per acre. 

On the second, 200 lbs. superphosphate. 

On the third, apply nothing. 

On the fourth, 200 lbs. muriate of potash. 

On the fifth, 1,000 Ibs. lime. 

The results will in some measure indicate which of the elements 
of plant-food is needed. 

For a more complete and conclusive method of testing fertilizers, 
the reader is referred to Bulletin 129. The plan of experiment, as 
outlined by that publication, is reprinted at the beginning of this 
bulletin. 


Part II. A CRUSADE WITH THE FARMERS. 


In the winter of 1898-9 this Station discussed a series of soil and 
fertility questions with the members of the Reading-Course (8,605 
persons). Five Reading-Lessons were issued, two of which per- 
tained directly to soil problems ; and these two Lessons are reprinted 
here. With each Lesson there was issued a series of questions 
designed to bring out the points in the Lesson. The replies which 
were received to these questions afford an excellent index to the 
state of the popular mind on subjects connected with the fertility of 
the land. The questions were designed to elucidate underlying 
truths or principles, and correct answers to them will do much 
towards spreading sound ideas of maintaining and increasing the 
productive power of the land. We, therefore, reprint the questions 
and give answers to them. These questions and answers cover all 
the five Lessons: “The Soil: What it Is;” “Tillage and Under- 
Drainage: Reasons Why ;” “ Fertility of the Soil: What it Is;” 
“« How the Plant Gets its Food from the Soil;” ‘‘ How the Plant 
Gets its Food from the Air.” These answers are written by H. P. 
Gould, but have been approved by specialists in the various subjects. 
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A. Rerapine-Lessons Nos. 1 anp 2. 
LESSON No. 1. THE SOIL: WHAT IT IS. 


1. The basis of soil is fragments of rock.— As the earth cooled, 
the surface solidified into rock. The processes of nature have been 
constantly at work in breaking up this rock and making it into soil. 

2. Weathering is the great agency in making rocks into soil.— 
Rain, snow, ice, frost have worn away the mountains and deposited 
the fragments as soil. Probably as much material has been worn 
away from the Alps as still remains, and this material now forms 
much of the soil of Italy, Germany, France, Holland. Our own 
mountains and hills have worn away in like manner. 

3. Weathering is still active-— All exposed rocks are wearing 
away. Stones are growing smaller. The soil is pulverized by fall 
plowing. 

4. The particles of soil are worn and transported by water.— 
Every stream carries away great quantities of soil and deposits it in 
the shallows and the bays. After every rain, the streams and ponds 
are muddy or roily. Observe the sediment or fine mud which 
remains when a “mud-puddle” dries up. The rivulet may carry 
away tons of earth every year; and this earth is deposited some- 
where, and sometime it may, perhaps, come into use again for the 
growing of plants. Many of our best and richest farm lands are the 
deposits of former streams and lakes. Such lands are fine and silt- 
like. Most lowlands belong to this category ; and even some of our 
higher lands are formed from deposits from water. The mixed and 
varied character of soils is largely due to the fact that they are the 
results of transportation from different places. 

Observe the flat lands about lakes. These flats are formed by the 
deposition of material from the surrounding highlands; but they 
are often exposed before their natural time by the lowering of the 
water level in the lakes. All lakes and pondsare filling up. Nearly 
every stream makes a delta at its mouth; but if the stream into 
which it empties is swift, the delta may be carried away. 

Observe, also, the broad rounded hillocks and knolls in valleys 
and ravines. Many of them have attained their present form from 


the action of moving water. 
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Every farmer knows that overflowed lands are rich. He has heard 
of the wonderful fertility of the Nile. He should explain these 
facts. 

5. All productive soils also contain organic matter.-— Most 
organic matter is the remains of plants and animals. As found in 
soils in a decaying condition, it is called humus. It is the humus 
which gives the soil its dark or “rich” look. It also tends to make 
soils loose, warm and mellow. It holds moisture. The addition of 
humus makes soils loamy. A sandy loam may be defined as a soil 
of which the original mineral matter is sand, and a clayey loam is 
one of which the basis is clay. Soils which have no humus are hard, 
“dead” and unproductive. 

6. Humus is supplied by means of roots and stubble, green-crops 
and barn manures.— If the farmer practices a rotation of which 
meadow and pasture are a part, the supply of humus will be main- 
tained. In such cases, green-manuring is unnecessary except now 
and then upon lands which are very hard or poor. The roots and 
stubble, with the droppings of the animals on the pasture, and 
manure applied with one of the crops in the rotation, keep the land 
well supplied with vegetable matter. Whenever possible, it is bet- 
ter to feed the crop to stock and return the manure to the land, than 
to plow the crop under; for one will get back the greater part of 
the fertilizing value of the crops and maintain the animal at the 
same time. In western New York, there are hundreds of acres of 
refuse cabbage lands, and at this day there are thousands of tons of 
herbage on the ground, ané no stock to eat it. It is wasteful. 

Many soils which are said to be worn out are robbed of their 
humus rather than of their plant-food ; others have been injured in 
their texture by careless or faulty management. In supplying 
humus, it is better to add small quantities often. Lands which are 
under constant tillage, in corn, wheat, oats, potatoes, may be sup- 
pled with humus if catch-crops are sown with the crop, now and 
then, late in the season. Rye, Canada peas, crimson clover, and the 
like may be used for this purpose. Plow them under as soon as the 
land is ready in the spring, even if the plants are not large. 

Observe how the forest supplies its humus. Year by year the 
leaves add to the soil cover, which slowly passes into vegetable mold 
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or humus. The trunks finally decay and pass into the soil. The 
work is effectively done, but it consumes time; and man is in a 
hurry. When the forest is removed, the land is usually productive. 
It is called “ virgin soil,” notwithstanding the fact that an enormous 
crop of trees has just been taken from it, and that it may have 
grown hundreds of such crops. The real virgin soil is the barren 
soll. But however rich this forest soil may be when the timber is 
first removed, it generally soon looses its exuberant fertility. The 
pigmy crops of the farmer seem to be harder on the soil than the 
gigantic crops of Nature. Some of this loss of productivity is due 
to the loss of humus. 

A rotation diminishes the exhaustion of plant-food, supplies nitro- 
gen in leguminous crops, one crop leaves the land in better con- 
dition for another, the roots and stubble improve the texture of the 
soil, it keeps weeds in check, provides for continuous labor because 
stock is kept. 

The rotation should differ with the kind of soil and general style 
of farming. The Cornell rotation is: 

Wheat, 
Clover and timothy, 1 year, 
Maize (corn), 
Oats. 
A good rotation for weed infested land is: 
Sod, 1 year, 
Maize, 
Potatoes, or some other tilled crop, 
Oats or barley. 

On fruit farms, rotations are not so practicable as on grain farms ; 
but the fields which are not in fruit can often be worked in rota- 
tion to great advantage. The general tendency of fruit-farmers is 
to keep too little stock. If stock cannot be kept, the humus can be 
maintained by catch-crops and cover-crops. 

7. The fertility of the land is its power to produce crops. It is 
determined by three things: the texture of the soil, its richness in 
olant-food, and its available moisture.— The texture of the soil is 
its physical condition,—as to whether it is mellow, loose, leachy, 
cloddy, hard and the like. <A rock or a board will not raise corn, 
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and yet it may contain an abundance of plant-food. The plant can- 
not get a foothold: and it would do no good to apply fertilizers. 
Spreading potash on a lump of clay is not farming: it is the wast- 
ing of potash. A cow will not appreciate the fanciest ration if she 
is uncomfortable ; neither will a plant. It is only on land which is 
in good tilth that fertilizers pay. The better the farming, the more 
it will pay, as a rule, to buy plant-food: but poor farming cannot 
make it pay. 

8. Nature secures good texture im soil by growing plants in it.— 
Roots make the soil finer, and plants supply it with humus. Plants 
break down the soil by sending their roots into the crevices of the 
particles, and the root acids dissolve some of it. Observe Nature 
working at this problem. First the “moss” or lichen attacks the 
rock; the weather cracks it and wears it away; a littie soil is 
gathered here and there in the hollows ; a fern or some other lowly 
plant gains a foothold; year by year, and century by century, the 
pocket of soil grows deeper and larger ; and finally, the rock is worn 
away and crumbled, and is ready to support potatoes and smart- 
weed. Or, the rock may be hard and bare, and you cannot see any 
such process going on. Yet, even then, every rain washes some- 
thing away from it, and the soil beneath it is constantly receiving 
additions. Some soils may be said to be completed: the rock is all 
broken down and fined. Other soils are still in process of manu- 
facture: they are full of stones and pebbles which are slowly disin- 
tegrating and adding their substance to the soil. Did you ever see 
a “rotten stone ?” 

The longer plants are grown on any soil, and returned to it, the 
richer the soil becomes. But Nature has centuries at her disposal ; 
man has but a few short years and must work rapidly, and he can- 
not afford to make mistakes. 

9. Lhe texture of the soil may be improved (1) by underdrain- 
ing, (2) by tilling, (3) by adding vegetable matter, (4) by adding 
certain materials, as lime, which tend to change the size of the soil 
particles.— The reader will say that Nature does not practice tile- 
draining. Perhaps not, but then, she has more kinds of crops to 
grow than the farmer has, and if she cannot raise oaks on a certain 
piece of land she can put in water-lilies. We have an entire lesson 
devoted to drainage and tillage, and also one to manures and fertil- 
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izers. It is enough for the present to say that the roots which are 
left in the ground after the crop is harvested are very valuable in 
improving the soil. This is particularly true if they are tap-roots, 
—if they run deep into the soil. Clover bores holes into the soil, 
letting in air, draining it, warming it and bringing up its plant-food. 
Roberts reports (“Fertility of the Land,” p. 845) that a second 
growth of clover, two years from seeding, gave a yield of air-dried 
tops of 5,417 lbs. per acre, and of air-dried rocts 2,368 Ibs. in the 
first eight inches of soil. Add to this latter figure the weight of 
roots below eight inches and the stubble of waste, and it is seen that 
the amount of herbage left on the clover field is not greatly less than 
that taken off. In this instance, the roots contained a greater per- 
centage of nitrogen and phosphoric acid than the tops, and about 
the same percentage of potash. 

Make an estimate of what proportion of the plant growth you 
raise is actually taken off the field. Figure up, as accurately as you 
ean, the part left in roots, stubble, leaves, and refuse. Even of 
maize, you do not remeve all from the field. This calculation will 
bring up the whole question of the kind of root-system which each 
sort of plant has. Have you ever made a close examination of 
the roots of potatoes, maize, wheat, clover, cabbages, buckwheat, 
strawberries, Canada thistles, or other crops? From what part of the 
soil do these plants secure their nourishment? What power have 
they of going deep for water? What proportion of them is root? 
Because the roots are hidden, we have neglected to examine them. 

10. The soil is plant-food; but this food becomes usable or 
available slowly.— Roberts has compiled the analyses of 49 repre- 
sentative soils, made by American chemists, and the following is 
the result: “The tables reveal the fact that even the poorer soils 
have an abundance of plant-food for several crops; while the richer 
soils in some eases have sufficient for two hundred to three hundred 
crops of wheat or maize. The average of 34 analyses gives to each 
acre of land, eight inches deep, 3,217 pounds of nitrogen, 3,936 
pounds of phosphoric acid, and 17,597 pounds of potash, and this 
does not include that which is contained in the stones, gravel and 
sand of the soil which will not pass through meshes of one-fiftieth 
of an inch, which, by weathering and tillage, slowly give up their 
valuable constituents.”— Roberts, “ Fertility of the Land,” p. 16. 
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Fortunately, this great store of plant-food is largely locked up, 
else it would have leached from the soil or have been used up long 
ago. By careful husbandry, a little of it is made usable year by 
year; and the better the management of the land the more of this 
food is available tothe plant. When the farmer has done his best to 
get out of the land all that it will give him, then he may add 
fertilizers for bigger results. 

Plant-food is available when it isin such condition that the plant 
ean use it. It must be both soluble and in such chemical form that 
the plant likes it. Plant-food which is not soluble in rain water, 
may still be soluble in soil water (which contains acids derived from 
the humus); and the acid excretions from the roots may render it 
soluble. But solubility is not necessarily availability, for, as we have 
said, the materials must be in such combination that the plant will 
take them. Thus, nitrate of soda (Na NO) is available because it 
is both soluble and in the form in which the plant wants it. But 
nitrite of soda (Na NO.) is not available although it is soluble,— the 
plant does not like nitrites. ; 

11. Nitrogen must probably be in the form of nitrates before tt 
can be used by most plants.— Nitrogen is abundant. It is approxi- 
mately four-fifths of the atmosphere, and it is an important content 
of every plant and animal. Yet, it is the element which is most 
difficult to secure and to keep, and tlre most expensive to buy. This 
is because the greater part of it is not in a form to be available, and 
because, when it is available, it tends to leach from the soil. It is 
available when it is in the form of a nitrate-— one part of nitrogen, 
three parts of oxygen, united with one part of some other element 
(Na NO,, nitrate of soda; K NOs, nitrate of potash or saltpetre ; 
H NO,, nitrie acid, ete.). The process of changing nitrogen into 
nitrates is called nitrification. This process is the work of germs or 
microbes in the soil; and these germs work most efficiently when the 
soil is not water-logged, and when it is well tilled. The farmer 
should make his available nitrogen supply as he goes along; and he 
makes it with tile drains, plows, harrows and cultivators. 

But there are some plants which have the power of using the 
nitrogen which is in the air in the soil. These are leguminous 
plants,— clovers, peas, beans, vetch, alfalfa. If, therefore, the 
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farmer cannot secure sufficient nitrogen by other means, he may use 
these-plantsas green-nanures. If his system of farming will not 
allow him to use these plants, or if he does not secure sufficient 
nitrogen when he does use them, then he can go to the warehouse 
and buy nitrogen. 

12. The soil is not a mere inert mass: itis a scene of life and 
actiwity.— This is the new and true teaching. Soil which is wholly 
inactive is unproductive. Movements of air and water, actions of 
heat and evaporation, life-rounds of countless microscopic organisms, 
decay and disintegration of plants and soil particles,— these are some 
of the activities of the fertile soil. If our ears were delicate enough, 
we could hear the shuffle of the workers, the beating of the hammers, 
and the roll of the tiny machinery. All things begin with the soi! 
and at last all things come back to it. The soil is the cemetery of 
all the ages, and the resurrection of all life. If the soil is not idle, 
neither should the farmer be. 


LESSON NO. 2. TILLAGE AND UNDER-DRAINAGE! REASONS WHY. 


By John W. Spencer. 


Two farmers are 


13. The difference between black and white. 
neighbors. Mr. White has made a study of potato culture for a 
number of years, and, as a result, now has an average yield, one 
year with another, of about 200 bushels per acre from a field of 
three to five acres. Mr. Black is considered a fairly good farmer, 
as farmers go, but has given potato culture no special study. He 
manages his crop as his neighbors do. His methods are those which 
have been a tradition for several generations, and they had their 
origin when the country was new and high cultivation was impos- 
sible on account of the stumps and lack of tools, and also because 
the virgin soil made it unnecessary. His annual yield is not far 
from 60 bushels per acre. In other words, Mr. Black has to plow, 
harrow, furnish seed, plant and cultivate about ten acres to secure 
as many potatoes as Mr. White does from three acres. Both men 
sell their product to the same dealer, and we will assume that they 
receive the same price per bushel. The cost of producing a bushel 
of potatoes must be very much more with Mr. Black than it is with 
Mr. White. No manufacturer or merchant could withstand the keen 


Tue Propiem or ImMpovEeRIsHED LAnps. 107 


competition in trade if handicapped as Mr. Black is. When the respec- 
tive farms were reclaimed from the forest, they were considered to 
be alike in character of soil, aud the rain falls impartially on each. 
Why the difference in cost of production between Black and 
White? There are many points of difference in their methods, but 
we are free to say that one of the essential differences is in tillage. 
14. The plant needs water— When Mr. White contemplates a 
crop of potatoes, he proceeds to make an estimate of what the crop 
will require and how he can provide for that demand. Perhaps the 
greatest of all needs is water. By turning to Cornell Experiment 
Station Bulletin 120, page 419, it will be seen that in a dry season a 
bushel of potatoes requires about three tons of water for its produc- 
tion. If Mr. White expects 200 bushels of potatoes per acre, he 
must somehow manage to provide 600 tons of water for each acre. 
He has no facilities for irrigation, and his only resource is to make 
the soil a reservoir. He must store the supply left by winter snows 
and spring rains, and also the irregular rainfall that comes during the 
season’s growth. Speaking in broad averages, in soils most commonly 
met with, this storage possibility amounts to about 300 tons of water 
per acre in the first eight inches of the soil. It must be understood 
that this amount is not in the form of standing water, for water stand- 
ing in the soil for any length of time injures both soil and plant. 
15. The most useful form of water for plants is film moisture.— 
Water is capable of assuming many forms, such as steam, vapor, ice, or 
free-moving liquid. The condition most valuable in the soil is none of 
these, but is in the form of film moisture. This film moisture can be 
shown by dipping a marble into water and observing the film of water 
surrounding it on all sides. When each soil-grain is covered with film 
moisture, as the marble is, the ideal conditions of soil moisture exist. 
This form of water is largely independent of gravitation and travels 
readily in all directions, as can be seen by dipping a cube of sugar into 
a spoonful of coffee. It is capable of transporting plant-food to the 
roots of plants from remote corners, where the roots do not reach. 
Tt will be observed that film moisture is held only on the surface 
of soil-grains. The more the soil is pulverized, the more soil-grains 
there will be, and therefore the greater amount of surface to hold 
film moisture. 
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The difference in the capacity of lumpy and fine soils to hold film 
moisture is surprising to one who has not given the question study, 
George W. Cavanaugh, assistant chemist at the Cornell Exveriment 

Station, has very graphically shown this by the following 

If] experiment : He put small marbles in a tumbler, as shown 
| by Fig. 22, and the total amount of film moisture that the 
) marbles would carry is represented in the tube placed 
|| beside the tumbler. The soil in the other tumbler (Fig. 
| 23) is of the same weight as the marbles in Fig. 22, and |. 
jit represents the marbles reduced to the fineness of ||| 
i; Common sand. Its capacity for holding film moisture {lj 


is represented by the water in the standing tube (Fig. 23). 
The weight of material is the same in each tumbler, and 
the reason why one holds three times more film moisture 


than the other is due to the increase of surface that comes |; 
|| by dividing a coarse lump into fine particles. 


The marbles represent the careless tillage of Mr. Black, 


j| and the finer particles the thorough tillage of Mr. White. 
| Mr. White plows about one-third deeper than Mr. 
| Black, and thereby makes another addition to the capac- 
i| ity of his reservoir. 


The coarse soil, as represented by the marbles, will lose 
| its film moisture by evaporation much more readily than 


the soil represented by 


is covered by fine par- 


ticles representing an Is 
earth-mulch. 

16. Tillage makes 
plant-food available.— 


Another difference in 
Fig. 22.— Water held by a 


coarse sotl, 


Fig. 23.— Water held by 


the culture given b 
S y @ fine sotl. 


Black and White is that 
the better tillage enables the plant to realize more food than all fer- 
ilizers which may be applied. There is also a benefit in making 
available some of the plant-food that nature has put in the soil. 
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Broadly stated, the native plant food amounts to as much as can be 
bough in $2,000 worth of commercial fertilizers. The finer soil has 
another advantage in affording a greater area for root pasturage. It 
is not uncommen for farmers to think of plant-food in the soil as in 
the condition of salt or sugar which is capable of being immedia- 
tely dissolved by water and at once appropriated by the plant, or 
like potash in ashes that can be soaked out. Plant-food exists in this 
form only to a limited extent. A man might famish if locked in a 
granary filled with wheat; yet a chemist would say that there was 
enough food near him to feed a hundred men. This illustrates how 
nature has stored much of the plant-food in the soil. It has to go 
through many changes before it can be appropriated by the plant. 
The soil is a factory in which the work of preparation is carried on. 

17. The soil is a laboratory.— Some of the agents employed in 
this factory are film moisure, air and heat; and if these are not fur- 
nished in the proper extent and condition, the factory runs in a 
sluggish way, if it does not stop altogether. Good tillage does much 
to hasten the activities of this factory by allowing free ingress to 
the soil of film moisture, air and heat. Air is necessary for a sup- 
ply of oxygen, and heat to facilitate fermentation and other vital 
processes. 

The importance of air and heat in the soil brings us to the ques- 
tion of drainage. Air cannot enter a soil freely which is filled with 
standing water, and growth of micro-organisms is hindered. 

18. Wet soils are cold.— Standing water is a great absorbent of 
heat. If no provision is made to drain it away, it must be evapo- 
rated away. Thereby heat is lost. The soil is cold. A great many 
barrels of water can be standing on an acre of ground and not attract 
much attention. 

To appreciate the amount of heat necessary to evaporate water, 
one has only to chop, split and burn beneath a cauldron kettle 
enough wood to evaporate a barrel of water. Every barrel that is 
evaporated from the soil by the sun absorbs as much heat as is 
expended by the wood used under the kettle. The soil and plants 
are perhaps chilled for want of that heat. This is the reason that a 
wet soil‘is said to be cold. 

19. Drained soils resist drought-— Some farmers have the notion 
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that well-drained soil will not withstand a drought as well as an 
undrained soil. The contrary is true. Every one who has tilled 
the soil is familiar with places that are wettest in a wet time and 
dryest in a dry time. When these places dry at all, they dry like a 
brick. A wet soil can never be tilled so as to present the greatest 
amount of surface for film moisture and give it a mellow texture to 
receive a gentle saturation of air; and standing water robs it of 
much heat required by the soil and plants. 

20. Drainage makes a sow reservoir.— There is a place in every 
soil at which the free water stands. This place is called the water- 
table. It may be three inches down, or a hundred feet. It is the 
bottom of the soil reservoir, the bottom of our dish-pan. This dish- 
pan, or the upper and tillable soil, is the reservoir. It is the part in 
which the water is held as films on the soil particles. These films 
travel from particle to particle, the general tendency being upward 
because the moisture is passing off near the top of the soil by means 
of evaporation and appropriation by plants. Moisture is constantly 
supplied from the water-table below. We speak of this movement 
as capillary attraction. 

Under-drainage lowers the water-table. It lowers the bottom of 
the dish-pan; and thereby there is a deeper reservoir above it for 
the holding of film moisture and the distribution of roots. 

But, the reader says, if the water-table supplies moisture to the 
upper soil, then it must be useful and necessary. Certainly ; but it 
must not be too high, for roots of farm plants do not thrive in stand: 
ing water. If the upper soil is well tilled, capillary attraction will 
bring the moisture up. 

21. Do not let the moisture get away.— We want this film moist- 
ure in the upper soil in order that roots may use it. The plants do 
not use it, to any extent, after it has passed off into the atmosphere. 
Therefore, stop this water before it reaches the atmosphere. 

How? Put a layer of loose dry earth between the moist soil and 
the atmosphere. This layer will stop the upward capillary flow. 
This layer is the earthanulch. It conserves, or saves, moisture. 

22. Dry and hard soils may be benefited by under-drainage.— 
The water-table is lowered. Air is admitted. The soil does not 
puddle. It becomes fine. Under-drainage makes wet soils dry by 
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removing the free water; it tends to make dry soils moist by deep- 
ening the reservoir and fining the particles of soil. 

23. What tillage tools are for.— Some tools, as plows, are to mel- 
low up the soil and to deepen the moisture reservoir. Others, as 
cultivators, are to tear up and to pulverize the soil to greater or less 
depths. Cultivators lift and turn the soil. The spring-tooth har- 
row is really a cultivator. Other tools, as harrows, prepare the 
surface of the soil. They make the seed-bed and put on the 
earth-mulch. The true harrows stir the soil, but do not lift or 
invert it. 

24. Weeds do not persist in well-tilled lands.—The first and 
greatest value of tillage is to put the soil in such condition that 


plants can grow, and then to keep it so. Incidentally it prevents 
those plants from growing, which we do not want,—the weeds. 
Usually, the process is reversed: weeds make us till, and we get the 
other benefits without knowing it. The best tillage prevents weeds 
rather than kills them. 

95. Summer-fallowing is a means of cleaning land and of cor- 
recting mistakes.— It may be necessary to fallow the land in order 
to clear it of stones, stumps and brush. But after the land is once 
thoroughly subdued, summer-fallowing is very rarely necessary if 
the land has been well handled. If the land has been plowed when 
too wet and thereby has become lumpy, if it has been allowed to 
become foul with weeds, or if it has lost heart by too continuous 
cropping with one kind of crop, summer-fallowing is a good means 
of bringing it back into condition. The better the farming, the less 
the necessity of summer-fallowing. In the old days, the poor tillage 
tools rendered fallowing more necessary than it is to-day. 

Fallowing is tillage; and tillage liberates plant-food. Some of 
this plant-food may leach away and be lost, although the small rain- 
fall of the summer months,— during which time fallowing is prac- 
ticed,— makes this loss slight. 

26. The kind of tillage should vary with the soil, the time of 
year, the kind of crop.— Too many farmers seem to think that till- 
age is tillage, no matter how it is performed. The same tool is used 
for clay or sand or muck, and for fitting the land for wheat or corn 
or apple trees. A harrow that is best for one field may be worst for 
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the adjoining field. A man would not think of using a buggy for 
carrying grain to market, but he will use one tool for many kinds 
of work. The work is not only poorly done, but it is not economi- 
eal. It costs too much. Persons who will economize to the small- 
est degree in expenditures of money may be very wasteful in 
expenditures of labor and muscle. 

Persons are always asking if deep plowing is best. The question 
cannot be answered on general principles. Deep plowing may be 
best for one field and one crop, and shallow plowing best for another 
field and another crop. The same remarks will apply to fall plow- 
ing and spring plowing. One must first learn principles, or the 
why; then the practice, or the how, will come easy. 


Nore. The reader should have other sources of information than this Lesson. 
He may read our Bulletins 119, ‘‘ Texture of the Soil;” 120, ‘The Moisture in 
the Soil;” 72, ‘‘ The Cultivation of Orchards;” and the three bulletins on potato 
culture (Nos. 130, 140, 156). His library should also have King’s ‘‘ Soil” and 
Roberts’ ‘‘ Fertility of the Land.” 


B. ANswers To THE QUESTIONS ON THE Frve Lessons. 
No. 1. THE SOIL: WHAT IT Is, 


Many of the questions in this lesson are intended merely to call 
attention to certain fundamental facts and to promote thought and 
discussion, 

1. Have you ever observed the influence of weather upon soft slaty 
rock jutting out on embankments and in railroad cuts ? 

2. Have you ever taken a glass of iImuddy water from a flowing 
stream and allowed it to stand wntil the sediment had settled ? 
What ws this sediment ? 

These questions are intended merely to call attention to this 
process of soil formation and transformation. 

3. Imagine a branch of this stream bringing rotted slate rock and 
another bringing fine sand. When mixed in the main stream and 
deposited on some bar or overflowed field, what kind of soil would 
the mixture make ? 

A sandy or clayey soil, the exact nature of which would be gov- 
erned by the relative proportion of the different ingredients. Such 
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a mixture might also contain much decaying vegetable or organic 
matter, and this would make the physical condition of the soil such 
that it would be very fertile. 

4. What is inorganic matter ? 

All matter which is not a part or product of a living organism is 
inorganic or mineral matter, as a stone or a piece of iron. The bulk 
of the soil is made up of finely pulverized stone, and is, therefore, 
inorganic matter. 

5. What is organic matter ? 

Matter which has life or has been produced by living organisms. 
An animal or a tree, either living or dead, is organic matter. The 
humus of the soil is decaying organic matter. 

6. Why are soils from which a thrifty forest growth has been 
removed capable at once of producing good farm crops ? 

Largely because of their good physical condition, due chiefly to 
the presence of large quantities of humus. 

7. Have you ever observed lichen (sometimes called “ moss” 
growing on bare rock or on a tombstone ? 

This question is intended to call attention to the fact that low 
forms of plant life are important in the early stages of soil formation. 

8. Lf any great amount of lichen should become mixed with the 
disintegrated rock, would it be humus and form a weak soil that 
might produce an order of plants a little larger and stronger than 
lichen ? 

This mixing of the moss with the pulverized rock would be the 
first step toward making a soil of good physical qualities. 

9. As the higher orders of plants come in and die down and mix 
with the soil, would the process increase the productive power of 
the soil ? 

Yes, within certain limits. The more decaying vegetable matter 
the soii contains, generally the more productive it is. 

10. Ln instances in which soil has been removed by grading, 
could a new soil be well made by adding commercial fertilizer 
alone? What would you apply first to such land ? 

The addition of humus would be of first importance. Commercial 
fertilizers would do littie good applied to a soil in which there is no 
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decaying vegetable matter. This would probably be the condition 
in the case assumed in the question. 

11. Jf humus in soil under cultivation is perishable, ought it not 
to be the farmer's first care to keep good the quantity jirst found in 
the virgin soil ? 

Yes; and this can be done only by adding humus from time to 
time in the shape of barn-yard manure and other forms of organic 
matter. 

12. In addition to the humus returned to the soil in manure, 
from forage fed to stock, and by plowing under stubble and roots, 
do you think it a good plan to sow some cover-crop im corn rows at 
last cultivation, and on oat and wheat stubble as soon as the crop is 
off, for plowing under the following spring ? 

Usually a cover-crop is desirable, and especially so if the soil is 
lacking in humus. 

13. What are good crops for this purpose ? 

Crimson clover, vetch, peas, rye, rape, barley, oats. 

14. Which of these are leguminous plants? Name all the kinds 
of leguminous plants you know ? 

The first three named. All the clovers, alfalfa, vetch, peas, beans, 
lupines. 

15. Why is it advised to plow under the green-crops as soon as 
the land can be worked in the spring ? 

These crops, if allowed to grow, would give off into the air much 
moisture needed by the permanent crop; and besides this, if left 
until they had made a large growth, there might not be enough 
moisture in the soil to cause them to decay. 

16. Do you think a rotation of crops helps the soit to bear the 
strain of successive cropping? If so, why ? 

Yes: this practice admits of supplying humus by means of cover- 
crops; it admits of tillage which sets free plant-food , and as different 
kinds of plants require different proportions of the various plant-foods 
a rotation prevents an unequal depletion of plant-food, as might be 
the case if one kind of crop was grown continuously for a long time. 

17. Are you aware that plant-food ewists in the soil in both 
available and unavailable forms, and that when plants have used 
up most of the available portion we call the soil worn out? 
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Most soils, even though unproductive, contain plant-food in large 
quantities, but it is in such condition or chemical form that plants 
cannot get it. 

18. Ls it true that your soil is capable of being made an active 
laboratory in which changes will take place and some of this 
unavailable plant-food be made usable ? 

It is only when the soil is in such condition that certain changes 
cap take place, that the unavailable plant-food becomes available to 
the plant. 

19. Ave you aware that when the texture of your soil is poor, or 
in other words, your laboratory is out of order, the best commercial 
fertilizers or stable manures will not give the best results ? 

The texture or physical condition of the soil is of first importance. 
A stone contains plant-food, but it will not grow crops because of 
its physical and chemical condition. 

20. Do you know that heat and air are important agencies in 
the changes going on in the soil, as they also are in the changes i 
a barrel of cider or in yeast in a pan of dough ? 

Chemical changes in the soil cannot take place to the best advan- 
tage when the air is excluded, or when certain definite temperature 
cannot be maintained. 

21. Does standing water on soil have a detrimental or beneficial 
effect on the heat and air? Why? 

Detrimental, because it keeps the temperature too low and excludes 
the air; and soil texture is impaired. 

22. How can you make the soul laboratory do the best work ? 

By making and preserving the best physical condition possible. 


No, 2. TILLAGE AND UNDER-DRAINAGE: REASONS WHY. 

1. What proportion of farmers in your neighborhood farm it 
like Mr. Black? 

Apply the test to yourself, and see if you are using good, economi- 
eal business methods in carrying on your farm. 

2. How is furming to be made to pay,— by getting higher prices 
or by cheapening cost of production ? 

Prices are largely beyond our control ; the cost of production very 
largely rests with us. At least, this is true within certain limits. 
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3. Do you expect permanently higher prices for farm produce ? 

The past may be taken as a reasonably fair indication of the 
future. 

4. Do you set a certain yield before your mind when you are 
preparing for a crop? Or do you expect to be content with what 
comes? 

In the first case, you are farming with your head as well as with 
your hands, and the aim is to control circumstances as much as pos- 
sible: the work is done on a good business basis. In the latter case, 
you are allowing yourself to be ruled entirely by circumstances and 
your work is-not conducted in a good business-like manner. The 
saine careful, judicious business management is necessary in farm- 
ing that is needful in a successful commercial enterprise. 

5. An inch of rainfall weighs about 113 tons to the acre. About 
300 tons of water is required to produce one ton of dry matter. 
Do you have rainfall enough in June, July and August to main- 
tuin a heavy crop of Indian corn or cabbage ? 

In considering this question one must keep in mind the fact that 
much of the rain-fall drains off into streams, especially on hilly land ; 
also that large quantities are evaporated before the plants can take 
it up. On account of these losses only a part of the rain is available 
for the plants. Usually the rainfall in midsummer is not sufficient 
to maintain a heavy crop, and so we must try to save, by thorough 
cultivation, what fell earlier in the season. 

6. Does surface tillage make soil moist, or keep it morst ? 

It keeps it moist by preventing the soil from drying out. When 
soil is left undisturbed for a long time, and it becomes packed down, 
the moisture in the soil works toward the surface and is evaporated, 
passing off into the air. Tillage makes a surface mulch which the 
soil moisture cannot readily pass through. It is equivalent to cover- 
ing the soil with a layer of straw or a board. Every farmer knows 
how moist it is under a pile of straw which has remained in the 
same place for some time, or under a board. This straw or board 
does not make the soil moist but prevents it from becoming dry. 
This is what tillage does. 

7. Why does deep fall plowing make soils “ warm” or “ early” 
in spring ? 
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Land so treated tends to dry out earlier in the spring than 
unplowed soils; and soils which dry ont early in the spring are 
“warm” and consequently ‘ early.” 

8. What proportion of farmers in your vicinity practice under- 
drainage ? 

The important point to be considered is, Does your farm need 
under-draining 4 

9. How many of the farms need under-drainage ? 

There is comparatively little land which will not be improved by 
under-draining. 

10. How deep and how far apart would you lay under-drains 

The distance apart should be governed in a measure by the depth ; 
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the deeper the drains, the farther apart they may be placed. The 
contour of the land and the nature of the soil will also influence 
very materially in the matter. In a general way we may say that 
in moderately porous soils drains three feet deep should be from 80 
to 40 feet apart. 

11. Do the farmers of your neighborhood have enough differ- 
ent kinds of tools to enable them to till their land cheaply and 
efficiently ? 

This will depend upon the nature of the soil and the kind of crops 
grown. It is a good question to think about. 

12. How many different kinds of tillage tools should aman have 
to farm it properly if he has 100 acres devoted to general farming, 
of which half is clay and half sandy soil ? 

This question is too general to admit of any one fixed answer. 
Each farm aiffers in some respeets from every other, and the tools 
used on the one farm probably would not be exactly suitable in all 
details for another farm. Let each man answer. 

13. How often would you till a field of corn or potatoes ? 

Often enough to keep the soil-mulch in good condition,— that is, 
light and loose. Study this question. 

14. Why do you till your corn or potatoes? Are weeds the lead- 
ing problem in your mind ? 

The keeping of the soil-mulch light and loose should be the lead- 
ing idea. When this is done, few if any weeds can grow. 
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No. 3. FERTILITY OF THE SOIL: WHAT IT IS. 


1. Do plants obtain all their food from the soul ? 

A part comes from the soil and a part from the air. 

2. What do you mean when you say that soil is echausted,— that 
it has no more plant-food in it, or merely that it fails to produce 
crops ? 

When a soil merely fails to produce a crop, it is usually said to be 
exhausted, regardless of the amount of plant-food which it may 
contain. ; 

3. May a soil fail to produce crops and yet not be exhausted of 
plant-food ? 

Yes; the plant-food must not only be present but it must he in 
such a form that the plants can use it. The physical condition of 
the soil also has much to do with the size of the crop. A soil which 
is hard and lumpy, containing an insufticient amount of humus, will 
not produce a good crop, even though it contains an abundance of 
plant-food. 

4. If there are 13 plant-foods which are positively essential, why 
do we commonly speak of only 3 of them as plant-foods — of natro- 
gen, potash, phosphoric acid ? 


All the other plant-foods are sufficiently abundant in an available 
form in most soils, so that they do not have to be considered in 
maintaining the fertility of the land. 

5. Do you know if there is any difference between phosphorus 
and phosphoric acid? Write the chemical symbol for each. 

Phosphoric acid is a certain amount of phosphorus plus a certain 
quantity of oxygen. The symbol for phosphorus is P; for phos- 
phorie acid, P,O;. 

6. Is there any difference between potassium and potash ? Write 
chemical symbols for each. 

Potash is potassium plus oxygen, combined in a certain definite 
proportion. K stands for potassium; K,O for potash. 

7. Write the chemical symbols for calcium and lime. 

Oa is the symbol for calcium ; CaO stands for lime. 

8. Where do phosphorus, potassium and calcium come from — 
from the ground or from the air? Are they gases or solids ? 
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They come from the ground. They are solids. 

9. Where does oxygen come from ? 

It comes from the air; about one-fifth of the air is oxygen and 
four-fifths nitrogen. 

10. Do you know if phosphorus, potassium and caleiwm exist 
in nature in their pure state ? 

In nature they exist only as compounds with other substances. 

11. Does oxygen exist anywhere in a pure or uncombined state ? 

Yes; oxygen exists in the free or uncombined state in the atmo- 
sphere. About one-fifth of the atmosphere is oxygen. 

12. Of what is water composed? Write its chemical formula. 

Of hydrogen and oxygen; the symbol or formula is H,0. 

13. Of what is ammenia composed? Is it a gas or liquid? 
Can you buy pure ammonia at the drug store ? 

It is composed of nitrogen and hydrogen (N H,). It is a gas. 
Ammonia of the drug stores is water which has absorbed some of 
the ammonia gas. 

14. Does the plant feed on ammonia directly ? 

Very little, if at all. It must first be changed to a nitrate. 

15. What is the composition of a nitrate? Write the formula 
for nitrate of potash and nitrate of lime. 

Nitrates are the result of treating substances with nitric acid. 
For nitrate of potash it is K NO,; for nitrate of lime, Ca (NOs)o. 

16. In what kind of materials does nitrogen occur? Name 
some common things which you think contain nitrogen. 

. Nitrogen occurs in organic materials, as in plants and animals. 
In meat, leather, hair, milk, humus of the soil, cotton-seed meal, ete. 

17. Ls nitrogen a solid or a gas? 

It is a gas. 

18. Ave nitrates of potash and soda solids, liquids or gases ? 

They are solids. 

19. Are nitrates soluble? Is there danger of their being lost 
From the sou ? 

Yes. Loss is likely to occur, especially on land which remains 
for a long time with no crop on it. ‘ 

20. What is an amendment ? 

A substance which, while it has little or no value as a plant-food 
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itself, acts in such a manner as to make plant-food already in the 
soil more available, or which improves its texture. 

21. Ls the soul in your garden sour? Try tt. 

See Reading-Lesson No. 3, page 7. 

22. In what materials can youbuy phosphoric acid for fertilizer 
purposes ? 

The most common materials are ‘orms of bone. South Carolina 
rock and Florida rock are ancient deposits of fossilized bone. Ground 
fresh bones are sometimes used as a source of phosphoric acid. 

23. In what can you buy potash ? 

The common commercial forms of potash are sulfate of potash 
and muriate of potash. Wood ashes are also a source of this plant- 
food. 

24. In what can you buy nitrogen ? 

Sulfate of ammonia and nitrate of soda are common forms. Cot- 
ton-seed meal, dried blood and tankage are some of the organic sourees. 

25. Are there any home fertilizers, or common farm materials 
(aside from barn manure), in which you can get these elements ? 

The plowing under of green-crops, like clover, peas, vetch and 
the like will furnish nitrogen ; wood ashes furnish the only “ home 
supply ” of potash; phosphoric acid must usually be purchased from 
the dealers. 


No. 4. HOW THE PLANT GETS ITS FOOD FROM THE SOIL. 


1. Do the root-hairs finally become roots, or do they stay on as 
the main root grows ? 

The root-hairs never become roots. As the young rootlets which : 
bear the root:hairs enlarge and their tissues become hard, the root- 
hairs perish. 

2. Are there root-hairs on old roots ? 

No. 

3. On what part of the roots are the root-hairs ? 

On the young, tender rootlets. 

4. Where does the radish plant, which you grew in moss or cloth, 
get nourishment for making the first root-hairs ? 

This nourishment probably comes from the food-material stored 
up in the seed. 
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5. Why do particles of soil adhere to a young plant of wheot or 
cabbage when it is pulled up ? 

Because the root-hairs and rootlets are so numerous and in such 
close contact with the soil. The finer the soil, the closer and more 
extensive this contact is. 

6. What do you understand by a solution ? 

A substance dissolved in a liquid. 

7. Give an example of a substance which will dissolve in water, 
and one which will not. 

Sugar will dissolve ; sand will not. 

8. May materials which are insoluble in rain water be soluble in 
sow water? Why? (Consult Less. 3.) 

Yes. Because the soil water contains carbonic acid gas in solution 
and this increases the dissolving power of water. 

9. Does warming the water increase its power to make substances 
soluble ? 

Yes. 

10. Write a definition of osmosis. (Consult dictionary or some 
school book on physics or natural philosophy.) 

It is the tendency of two liquids of different density to pass 
through a membrane or porous wall which separates them. 

11. Why does the soil water go into the root-hair ? 

It is largely on account of this osmotic tendency or action.. The 
outer walls of the little root-hairs constitute the membrane; the sap 
or moisture in the cells of the root-hairs and the soil-moisture 
represent the two liquids separated by the membrane. (See Reading- 
Lesson 4, fig. 3.) 

12. Why does not the liquid in the root-hair flow out into the soil ? 
. Because the sap in the hairs is denser than the water or moisture 
in the soil; that is, it contains a larger percentage of solid matter in 
solution. When two liquids of different density are separated by a 
membrane, the passage of the liquid through the membrane is in 
the direction from the less dense to the more dense. 

13. What would happen if the liquid in the root-hair and that 
in the surrounding soil were of equal density ? 

There would be little or no movement of the water from the soil 
into the root-hairs and the plants would die. 
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14. Must all food materials in the soil be in solution before the 
plant can use them ? 

es! 

15. Does the plant ever utilize materials which are insoluble in 
the soul water? How ? 

Yes; the roots of plants are slightly acid and this increases the 
dissolving power of the moisture in contact with the roots. 

16. How is it that plants can live and grow in a soil which is dust 
dry ? 

Even the soil which seems to us dust dry really contains very 
minute amounts of water; and so long as this is the case osmotic 
action goes on though, of course, very slowly when the soil is “ dust 
dry.” 

17. Can your soil be so loose as to have too much air for the 
good of the plants ? 

Yes. This is sometimes the case in very light sandy or gravelly 
soils. 

18. Do you understand that you can smother the root as well as 
the top of the plant? How? 

Yes. The roots need air as well as the top. Soil which is con- 
stantly soaked with water prevents the air from coming in contact 
with the roots; smothering results as one of the effects of too wet 
land. 

19. At what season do you suppose that corn roots absorb the 
most moisture ? 

When the corn is making its most rapid growth. 

20. At what season do you have the least rainfall ? 

During the summer season when plants are growing most rapidly. 

21. Lf you knew that you would not have sufficient rainfall in 
August to maintain your potato crop, how would you plan to 
secure the moisture ? 

Prevent evaporation as far as possible by means of a surface 
mulch. This means thorough tillage. 

22. Name one way in which plants are injured by too strong 
dressings of potosh or nitrogen. 

lf applied in such large quantities that the soil moisture dissolved 
larger proportions than were contained in the sap—that is, if the 


Tue Propiem or IwpoverisHeD LANDs. 123 


density of the soil moisture became greater than of the sap — osmotic 
action would be from the plants to the soil and the plants thus giy- 
ing up their moisture to the soil, would wilt. 

23. If all the potash in your cornfield were to become suddenly 
available, what would happen ? 

The corn would be killed and heavy rains might leach much of 
the potash from the soil. 

24. How might you apply muriate of potash so that strawberry 
plants would be injured ? 

By applying in large quantities too close to the plauts. 

25. Would it be an easy matter to injure old apple trees by 
muriate of potash? Why? 

If applied in very large amounts directly over the roots, injury 
might follow; but such injury is rare. 

26. Lf you put the fertilizer in the hill, will not the roots grow 
beyond and away from it, as the plant grows ? 

Yes, to a large degree. 


No. 5. HOW THE PLANT GETS ITS FOOD FROM THE AIR. 


1. What proportion of its dry substance does the plant secure 
From the soil? 

The amount is variable, but on an average about 3 per cent. 
Some varieties of plants take up much more and others less than 3 
per cent. 

2. What one substance or compound is taken in most profusely 
by the plant ? 

Water. 

3. How does the plant get its water,— through roots or leaves ? 

Through the roots. 

4. In what part of the plant does the water ascend,— through 
the young wood, or between the bark and wood ? 

It ascends through the young wood. 

5. Where does the plant get its carbon ? 

From the air. 

6. How does it take in its nitrogen —by roots or leaves ? 

By the roots. 

7. Where is the starch manufactured ? 
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In the leaves and other green parts. 

8. Hrom what substances is the starch made ? 

From carbon dioxide and water. 

9. Of what elements is starch composed ? 

Of carbon, hydrogen and oxygen. 

10. Lnto what is the starch changed before it is transported ? 

It is changed into sugar. 

11. What use is made of the material after it is transported 7 

It is used in the growth of the plant. 

12. Through what part of the plant does the starch-bike material 
(or “ elaborated sap”) pass ? 

It diffuses through the layers of the inner bark. 

13. The root takes in water containing food: Can it use this 
Jood material directly in making root-growth 2? Why? 

No. This food material is taken into the plant in a erude condi- 
tion, and it must be transported to the leaves where it unites with 
other materials before it can be used in the growth of the plant. 

14. Why is starch stored in seeds and tubers ? 

To be used by the seedlings or new plants when growth first 
begins, and before the plants are sufticiently developed to take their 
food from the soil and air. 

15. Ls starch stored in twigs in the fall ? 

Wes! 

16. Are the flowers of peaches, and other early blooming plants, 
Jed from food taken in at the root at the time, or from materials 
stored in the twig? (Think how the potatoes sprout in the bin.) 

From materials stored in the twigs the year before. It is for 
this reason that the condition and health of the trees this year influ- 
ence so largely the crop of next year. 

17. Will mulching the roots of a peach tree with straw when the 
ground is frozen delay the blooming in the spring ? 

No; because there is food enough in the twigs to feed the blos- 
soms, and as soon as the weather is warm enough this food is 
available. 

18. Soil water holds very little food for plants: the roots must 
take in enormous quantities of water: what becomes of some of 


this water ? 


* 
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It passes off through the leaves. 

19. Ls the water which evaporates from the soil of any direct use 
to the plant ? 

No, not of itself. 

20. The plant needs water,—it sweats it out: how shall we 
manage so that the plant can have all the water it needs ? 

An abundance of water goes into the soil (in New York) every 
year, but it is not equally distributed. When the plants need it 
most is the time when there is usually the least rain. The only way 
we can help the plants (unless we irrigate) is to preserve the moist- 
ure so that it becomes available when it is most needed. This may 
be done by draining the land, and in this way increase the storage 
capacity of the soil (See Lesson No. 2); and by keeping a good 
earth-mulch on the surface so as to prevent, as much as possible, the 
evaporation of the water from the soil. 

21. Write down all the substances (or materials) you know which 
the plant must have in order to live and grow. 

Nitrogen, phosphorus, potash, lime, iron and sulfur were given 
in Lesson No. 3 as some of the necessary plant-foods. Carbon, 
hydrogen and oxygen are also necessary. 

22. Which one of these does nature supply in sufficient abund- 
ance, without any thought on your part ? 

Carbon. 

23. What ones can you help nature to supply ? 

Nitrogen, potash, phosphoric acid, lime and water. 

24. Name all the congenial conditions (or agencies) which the 
plant must have in order to be comfortable and to grow. 

A certain temperature ; a certain water supply ; a certain amount 
of humus; good texture; and a sutticient supply of plant-food. 

25. What ones of these can you help nature to supply or maintain? 

We can influence the water supply, add plant-food and humus, 
and maintain good texture. 
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HonoraBLE CoMMISSIONER OF AGRICULTURE, ALBANY: 

Sir.—The Japanese plums have come to stay, but they have 
come without accurate descriptions and with confused nomencla- 
ture. The merits of the older varieties are now fairly well known, 
but the greater number of the varieties are very imperfectly under- 
stood. In order to elucidate these perplexities and to spread accu- 
rate knowledge of this new class of fruits, the Cornell Station has 
made a special effort to study all the varieties from bearing trees. 
This bulletin is the fourth report of this investigation. 


9 I. P. ROBERTS, Dzrector. 
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FOURTH REPORT ON JAPANESE PLUMS. 


In January, 1894, this Station issued a bulletin (No. 62) on the 
Japanese plums. Subsequent issues were made in January, 1896, 
and in October, 1897 (Bulletins 106, 139). For five years and 
more the Japanese plums have been the subject of careful study at 
Cornell, and an effort has been made to secure all the varieties. 
During the past season the crop of these plums has been large and 
excellent, and the following notes are made directly from the fruits. 
- We are still convinced that the Japanese plums are a very import- 
ant addition to our orchard fruits. They will not drive other plums 
from the field, but they have attributes which make them an exeel- 
lent supplement to the European and native sorts. The particular 
merits of the Japanese plums are their great productiveness, adap- 
tation to a wide range of territory, beauty, earliness of many of the 
varieties, comparative freedom from diseases and insects, and long- 
keeping qualities of fruit. Most of the varieties tend to overbear, 
and good fruits can be secured only by very heavy thinning. This 
is especially true of the Burbank, the Abundance and the Red 
June. There is great range in quality of the Japanese plums. The 
poorest of them are inferior to any of the European varieties. The 
best of them are nearly equal to the best of the European kinds, 
and all of the leading sorts are better in quality than the Lombard 
if they are properly thinned and ripened. 

A great merit of the Japanese plum is the fact that it is adapted 
to an exceedingly wide range of territory, in this respect excelling 
both the Domestica and native types. There are varieties which 
thrive from Canada to the Southern States, and apparently from 
ocean to ocean. There has been some complaint in the Middle 
States and the South of loss of blossoms from late spring frosts, but 
we have never experienced this difficulty. The buds start early ; 
but in New York State, at least, the winter climate holds so late 
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that there is practically no danger from the early swelling of the 
buds. 

The Japanese plums are less seriously attacked by insects and 
fungi than the common European or Domestica type is. They are 
not entirely free from the shot-hole fungus, black knot, curculio and 
other difficulties ; but in our experience these troubles have been so 
infrequent or of such minor importance as not to attract serious 
attention. The fruit-rot is often serious on the Japanese plums, but, 
in our experience, it is equally or even more serious on the Lom- 
bard. If the Japanese plums are properly thinned there seems to 
be no unusual susceptibility to the fruit-rot fungus. 

The larger part of the Japanese plum stock which is sold by 
nurserymen is on peach roots; and on these roots they seem to 
thrive. However, we find that they do remarkably well when top- 
worked on Lombard stocks. Theoretically, we are to expect the 
best results when they are worked on their own roots; and these 
plums are now so extensively planted that the time cannot be far 
distant when seed can be obtained cheaply enough to warrant the 
raising of Japanese plum stocks. It remains to be demonstrated, 
however, whether the Japanese plum roots are actually better than 
the peach or the Domestica plum roots. 

In former reports we have spoken of the great variation of 
Japanese plums in respect to the period of ripening. We find that 
the same trees often do not ripen their fruit in the same sequence 
in different years. In some years there may be a difference of two 
weeks in ripening between the Abundance and Burbank, whereas, 
in other years, the very same trees may ripen their fruit almost 
simultaneously. The period and sequence of all fruits are greatly 
modified by the particular season, but the Japanese plums seem to 
be particularly unstable in these respects. 

Ever since we began the study of these Japanese plums, we have 
been puzzled to account for the great differences in opinion respect- 
ing the merits of individual varieties and the wide discrepancies in 
descriptions of them. Some of these discrepancies are traceable to 
a confused nomenclatnre ; but we now believe that many of them 
are due to the fact that the same tree may bear unlike fruit in dif- 
ferent years. Some of the trees which we have had under the 
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closest observation during two or three crops seem to have behaved 
in this way. For example, in our last report (Bulletin 139), we 
thought that the Chase is identical with the Chabot. This year, 
however, the fruit of the same trees of Chase was indistinguishable 
from Abundance; and yet, between Abundance and Chabot, there 
is normally a difference of two or three weeks in the period of ripen- 
ing, and there was this difference on our own grounds this year. 
From this year’s study, therefore, we are obliged to say that tle 
Chase is the Abundance. 

Some objection has been raised to the supplanting of Japanese 
names with new names. We are convinced, however, that the 
dropping of the Japanese class-names and adjectives is legitimate in 
the interest of perspicuity. Most of the Japanese names have been 
loosely applied, and it is impossible, in many cases, to determine any 
one variety to which the name may be said to belong. To use the 
old name of Botan, for example, would result in perpetuating a con- 
fusion, since any person who had a plum under the name of Botan, 
no matter what it was, would feel justified in sending it out. When, 
however, the different kinds of Botans are given specific names, the 
person must distinguish his variety before it can be put upon the 
market. The same remarks may be made for the Japanese names, 
Hattankio, Yosobe, Sumomo and Wassu. (Wassu is probably a 
misspelling of Wasse, or Wase, meaning early.) There are two or 
three Japanese names, of which Maru and Satsuma are examples, 
which have been applied to one particular variety; and in these 
cases we have held to the Japanese vernacular. 

It is usually unsafe to make a general recommendation of varieties 
of any fruit. The value of a variety lies not only in its intrinsic 
merits, but in its adaptation to the personal likes of the grower and 
to markets, soils, and other extrinsic conditions. However, as a 
guide in the choice of varieties, I will mention those kinds which 
now seem to me to be most valuable for general uses and con- 
ditions. In the first list I place those which seem to be worthy of 
general planting ; in the other list are those of secondary value and 
those which must be further tested before they can be confidently 
recommended. The varities are named in the order in which they 
ripened at Ithaca in 1899: 
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First list. Second list. 
Engre Berger 
Lutts Kerr 
Red June Ogon 
Abundance Georgeson 
Burbank Hunn 
Chabot Hale 
Satsuma Wickson 


In the following account of varieties, we record the notes which 
have been taken on the Cornell grounds during the present season. 
The varieties are arranged in the order of their ripening at Ithaca 
in 1899. (An index to the names will be found at the end of the 
bulletin.) As already indicated, this order of ripening is not uni- 
form year by year. By season of ripening we mean the date at 
which the first considerable number of fruits are fit to be eaten from 
the hand. Ordinarily, the varieties should be picked for market 
three or four days, or even a week, earlier than the dates here given 
It is characteristic of most Japanese plums that even though they 
are uncolored when picked, they ripen up well it kept in a cool 
and dry place. All the pictures in this bulletin, except that on the 
title page, are natural size. They are made from fruits of medium 
and average size. It should be remembered, however, that pictures 
of fruits, even though they are full size, look smaller than the fruits 
themselves. The histories of the varieties are recorded in previous 
bulletins. 

1. Eartrest or Ati.— Fig. 24, left. 


Yosebe of Bulletin 106. Wasse-Sunvomo. 


Small, round-oblong, with an indication of a pointed apex in some 
specimens; suture not prominent; color when fully ripe almost 
uniformly pink-red, with light bloom; flesh light yellow and soft 
clinging to the pit, sour, with a decided almond or bitterish flavor, 
skin tough ; first specimens picked July 10, but the larger part of 
the fruits ripe on July 14. The fruit drops from the stem as soon 
as ripe. Straw or hay should be spread under the tree to catch it. 
The tree is a decidedly upright grower, with small and yellowish 
green deeply serrate leaves, prominent stipules and reddish twigs. 


a ae 
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After having tested four or five crops of this plum, we are con- 
vinced that its chief merit is earliness and that it is too poor in 
quality to be recommended, particularly since the Engre is of better 
quality and practically of the same season. 


20.—Lutts. The lurgest of the very early Japanese plums. 


2. Enere.— Fig. 24, right. 

About one-third larger than Earliest of All, not round but some- 
what flattened endwise, the suture usually rather prominent; color 
a very little darker than Earliest of All; flesh soft and yellow, 
cling, sour but with almost no almond flavor, and the skin tough. 
Engre is practically of the same season as Earliest of All, although 
this year it was about one day later. It is a distinctly better plum. 
We recommend it for being very early. With us it has beena pro- 
lific bearer, and the fruits are attractive. Its quality is not as good 
as that of Burbank and Abundance, but its great earliness com- 
mends it. 


— 186 Buiierin 175. 


3. Lurrs.— Fig. 25. 


Wasse-Botankio. 


Under the name Wasse-Botankio, we have fruited an excellent 
early plum for two seasons. It seems to have such distinct merit 
that we think it worthy general introduction, and I therefore take 
pleasure in naming it for Mr. Henry Lutts, of Youngstown, N. Y., 
who has been one of the pioneers in the culture of Japanese plums 
in this State. Fruit round-oblate with a tendency to a pointed apex, 
in general form and appearance very like the Burbank, but running 
smaller ; color dark red, marked with many very fine golden dots 
and covered with a heavy bloom; flesh light yellow and soft, cling 
when thoroughly ripe, with only a tinge of almond flavor, but not 
sour or bitter, the skin rather tough. Ripe enough for eating in 
the present season on the 14th of July, being four or five days later 
than Earliest of All and Engre. This is the largest and best very 
early Japanese plum which we have tested. The tree is a good 
grower and with us has been productive. 


4, Bererr.— Fig. 26. 


Strawberry. Ura-Beni. Uchi-Beni. Honsmomo, at least of some 
nurserymen. 


Small and cherry-like, flattened endwise, with a distinct suture ; 
color bright light red, with prominent bloom; flesh firm and meaty, 
yellow, free from the very small pit and with no astringency or 
almond flavor, the skin not tough nor sour; ripe this year on the 
17th and 18th of July. This is one of the most distinct of all the 
Japanese plums. It has the flavor of some of the Domestica varie- 
ties. The handsome little fruits fall when ripe and should be caught 
on straw or hay spread underneath the tree. The plums are not 
much larger than very large cherries, and, coming after the sweet 
cherries are gone, they seem to piece out the cherry season. The 
tree is a distinct and upright grower, with rather narrow and light 
colored leaves, and the fruits are borne well down on the older 
wood. We believe that the Berger is well worth growing in every 
home garden. 
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5. Wriirarp.— Fig. 27. 

Fruit medium to small in size, oblong, slightly angular, never 
pointed, the sinus slight or scarcely any, the stem cavity rather 
deep; color bright red with a heavy bloom and many minute yellow 
dots; flesh soft to firm, yellow, somewhat cling, with a decidedly 


7.— Willard. One of the early plums, but quality very poor. 


mawkish or almond flavor, skin sour; ripened this year July 28-25. 
The fruit falls easily. The quality is very poor, and we believe that 
the variety is not worth growing, particularly since there are earlier’ 
varieties of better quality. The leaves are also very badly attacked 
with the shot-hole fungus, being the worst in this respect of any of 
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the Japanese plums which we have grown. The branches have a 
straight, upright tendency. The leaves turn red and fall very 
early. 

6. Kerr.— Fig. 28. 


FHlattonkin of some nurserymen. LHattankio Oblong. 


Of medium size, tending to become fairly large when well thinned, 
tapering a very distinct long point, the suture usually well marked, 
stem comparatively short and stout; color orange yellow, overlaid 
with a thick creamy bloom; flesh firm and rather meaty and yellow, 
cling, sweet and of fair to good quality when well ripened ; ripe this 
year from the 28th to 30th of July. Tree is of moderate spreading 
habit, much like the Georgeson; foliage strong, large and good. 
The Kerr is an exceedingly productive variety, and needs to be well 
thinned in order to produce the best results. It is one of the best 
of the yellow varieties. Its chief fault is that it tends to fall before 
it is fully colored, but the fruits ripen and color on the ground. If 
they are picked just before they begin to loosen from the stem and 
are stored or shipped, they will ripen up well. 


7. Rep June.— Fig. 29. 


Nagate no Botankyo. 

Medium to large in size, cordate-oblong and distinctly pointed, 
with a very strong suture, often lop-sided; color deep vermilion 
red, with a thick and handsome bloom; flesh light yellow or yel- 
lowish white, cling or partially cling, firm and moderately juicy, 
slightly acid to sweetish, of good quality, though not very rich, the 
skin slightly sour. We still believe that the Red June is one of the 
very best of the Japanese plums, because it is very handsome and 
productive. It ordinarily needs heavy thinning to bring it to per- 
fection. It varies considerably in season of ripening. This year 
the earliest fruits were ready for eating on July 30, and for market- 
ing three or four days before that time. At the time that the Red 
June was coming into condition for eating, the Kerr was ina similar 
condition, Earliest of All and Lutts were all gone, Georgeson showed 
no sign of coloring, and the Abundance on some of the earlier trees 
was beginning to turn red. The Red June and Kerr are practically 
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of the same season, although the Kerr begins to fall from the 
tree a few days before the Red June is ripe. The Red June is a 
bushy-topped, upright grower, with yellowish green foliage and 
reddish brown twigs. It is a well marked type. We are fruiting it 
on both peach and Lombard stocks. 


8. Ocon.— Fig. 30. 

Fruits medium in size or becoming .arge when heavily thinned, 
globular or flattened endwise, not at all conical or pointed, the suture 
prominent; color a clear lemon yellow, with a heavy whitish bloom, 
rarely with the faintest indication of a blush cheek; flesh thick and 
very meaty, comparatively hard, free from pit, with a very peculiar 
musky almond flavor. Ready to eat this year August 1, although 
they were ready to ship, and a very few were edible, some three or 
four days before this time. It is practically the season of the Red 
June, although tending to be a trifle later. The tree is a strong, 
upright grower with heavy thick foliage. It does not seem to beso 
uniformly productive as some other varieties, althongh it tends to 
bear very heavily at times. It is readily distinguished from other 
early varieties by its globular or flatened shape, by the cavity around 
the pit and by its peculiar flavor. Its quality is indifferent — not so 
good as that of the Red June nor so bad as that of the Willard. It 
is said to be one of the best for canning. 


9. Bercxmans.— Fig. 31. 

Fruit of medium size, round-oblong with a tendency to have a 
blunt point, more or Jess angular in cross-section, the suture not 
prominent; color deep bright red, especially when exposed to the 
sun, more or less yellow-splashed on the shaded side; flesh firm and 
sweet, cling or semi-cling, becoming dry and insipid when fully 
ripe. Ripe this year on the 4th to 6th of August with the earliest 
trees of Abundance. In 1896, it also ripened with Abundance or 
just ahead of it. In 1897, the same trees ripened two weeks later 
than Abundance. It is an upright grower, with yellowish green, 
rather small, foliage. It is readily distinguished from all other 
Japanese plums which I know by the dry and mealy character of 
the ripe fruit. 
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We doubt if the Bereckmans is of sufficiently high quality to 
recommend it for general planting, since the Abundance occupies 
the same season. Some of the trees which have passed for Berck- 
mans are Abundance. The true Berckmans is distinguished by its 


dry flesh. 


31.— Berckmans. Distinguished, when fully ripe, by its dry flesh. 


10. Asunpance.— Figs. 32 and 33. 
Yellow-Fleshed Botan. 


Fruit medium size or varying to nearly large when vigorously 
thinned, round-oblong with a distinct point, the suture usually more 
or less prominent; color pink-coppery-red, marked with many 
minute dots and a thin bloom; flesh firm but juicy, sweet, with no 
trace of mawkish or almond flavor when well thinned or well 
ripened, clinging to the pit. The Abundance is a variable plum. 
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We have stock from various sources, amongst others from some of 
the original trees sent out as Abundance by Lovett. The trees vary 
in time of ripening, the period ranging over a week or ten days, but 
they all seem to be indistinguishable. This year the first fruits 
were ripe on the 5th and 6th of August. The ordinary, and what I 
take to be typical Abundance, is shown in Fig. 32; also in Fig. 1, 
Bulletin 106. Some trees, however, produce an interior grade of 


32.— Abundance. A good type. Perhaps the best Japancse plum. 


fruit, as shown in Fig. 33, but I cannot distinguish that this small 
5) = ; 5 

fruit is a different variety. This small-fruited type of Abundance 

is the one which I distinguished in our Bulletin 62 as the Babcock. 

When the Abundance is well thinned, it is certainly an excellent 

plum and one which most people delight to eat. Its great fault is 

to overbear, and in that case it is very liable to the fruit-rot fungus. 


148 Buiietin 175. 


With us the Abundance has been less injured with this fungus than 
the Lombard. The light pink-red color of the Abundance will 
clearly distinguish the variety from all other Japanese plums which 
we have fruited. The tree is an upright grower, not so spreading as 
the Berckmans, with larger and better foliage. I believe that the 
Abundance is the best single variety of Japanese plum. 


33.-- Abundance. Siwell or inferior type. 


The Chase which we have heretofore regarded as identical with 
Chabot was this year perfectly indistinguishable from Abundance. 

We now believe that the Douglas is Abundance; or, if different, 
it is very difficult to distinguish: It seems to have a somewhat 
drier flesh than Abundance ; but Abundance varies in juiciness. 
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11: Marvu.— See illustration on title-page. 
Written also Masu and Massu. 


Fruit medium in size, globular or slightly flattened endwise, 
usually tending to have an obtuse point, the suture slight; color 
dark dull red or maroon red, uniform or nearly so over the whole 
surface, marked with numberless minute golden yellow dots; flesh 
rather soft and deep yellow, with a decidedly musky almond flavor, 


d4.— Buibunk. A standard mid-season variety. 


cling or semi-cling, the skin sour; ripens with the later trees of 
Abundance. It is a vigorous, upright grower and productive, but 
the quality is poor, and the variety cannot compete with Abundance. 


12. Burpanx.— Fig. 34. 


Fruit medium in size, becoming large upon vigorous and well- 
thinned trees, round-oblong to oblong, the point not well marked, 
and the suture usually somewhat prominent; color orange-yellow 
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overlaid with splashes, streaks and dots of red, giving a more or less 
marble appearance, but becoming more or less uniformly dense red 
on the cheek; flesh firm and meaty, yellow, sweet and rich, cling, 
the skin not sour nor unusually tough. The Burbank ripened very 
unevenly with us this year, some of the trees maturing their fruit 
only three or four days later than Abundance, whilst others were 
ten to eighteen days later. In 1895, as compared with Abundance 
on our grounds, it was a week later; in 1896, it was from one to 
two weeks later; in 1897, it was from two to three weeks later. 
The tree is an exceedingly spreading flat-topped grower and needs 
strong heading-in to keep it inshape. When well thinned, the fruit is 
large and of excellent quality, perhaps as good as any of the Japan- 
ese plums. It is also a good keeper. It usually colors up on the 
tree some days before it is ripe. Occasional trees ripen their fruit 
before the main crop of Abundance is ripe. In many eases, the 
fruit does not become soft and edible, even when apparently full 
ripe. Heretofore, we have regarded Burbank as the best all-around 
Japanese plum, but we are now inclined to give that place to 
Abundance. 

The Wassu, from Normand, was indistinguishable from Burbank 
in habit of tree and character of fruit in 1897 and 1898. This year 
a part of the fruit on our tree of Wassu ripened a week ahead of the 
main crop of Burbank, but some of the fruits were as late as the 
main crop of Burbank. We believe that it is the same thing as the 
Burbank. 

13. GrorcaEson.— Fig. 35. 


White Kelsey. Yeddo. Mikado. 


Fruit medium or becoming medium to large when well thinned, 
round or round-flattened in form, usually without a point, the suture 
distinct; color deep bright yellow with a heavy whitish bloom; 
flesh firm and solid, golden yellow, of fairly good quality, cling. 
Ripe this year the middle of August and nearly all gone by the time 
the latest trees of Burbank were ready for eating. In 1897, the 
same trees ripened their fruit from the middle to the 20th of Septem- 
ber. The tree is a sprawling and forking grower, intermediate in 
character between the Abundance and Burbank. The fruit is a 
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long keeper and, if picked before it is thoroughly ripe, will ordinarily 
shrivel before it decays. The quality is medium; it has a little of 
the mawkish almond flavor, and is usually not prized for eating from 
the hand. I doubt if it is destined to be a very popular variety. It 
is one of the commonest varieties. 

We refer the White Kelsey of Normand to the Georgeson from 
specimens which we grew this year upon grafts set on Lombard 


30.— Georgeson. A yellow plum of long-keeping qualities. 


stocks. We have not fruited Mikado. One party exhibited speci- 
mens of Mikado and Yeddo at the State Fair this year, and these 
were the Georgeson. Mr. Normand, however, in a trade circular 
says that the Mikado ripens fifteen days earlier than the Yeddo. 
The Yeddo, as we have fruited it, seems to be Georgeson. 


152 Buiyietin 175. 


14. Hunn.— Fig. 36. 
Burbank No. 1. 


Fruit small to medium, globular, sometimes with a distinct short 
point, the suture more or less prominent ; cofor something like that 
of Abundance but less pink, and usually a deep claret red with 
many minute, golden dots; flesh soft, deep yellow, cling, of fair to 
good quality, aromatic. Ripened this year as the Georgeson was 


36.— Hunn. A small red medium-late variety. 


passing out, that is, from the 20th to the 24th of August. In 189%, 
it ripened also at this season, but since the Red June ripened with 
us very late that year, we compared it in season with that variety, 
and therefore called it an early plum. We should now eall it a mid- 
season to late plum. It has a slight musky flavor, but usually not 
sufficiently pronounced to make it disagreeable. We are more 
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favorably impressed with it this year than we have been in the last 
two years. It is possible that it may deserve a place in the Japan- 
ese plums of second importance. We are fruiting it on the Lombard. 


37.— Hale. Of excellent quality ; medium-late. 


15. Harze.— Fig. 37. 


Fruit medium to large, globular or somewhat globular-oblong, not 
pointed, the suture usually distinetly marked ; color deep yellow or 
orange, thinly overlaid with mottled and speckled red giving the 
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appearance of a yellow-red fruit, bearing a thin bloom and having 
many yellow specks; flesh soft and juicy, yellow, cling, of good 
quality, but the skin sour; ripened with us this year on the 24th of 
August. The fruit has a very slender stem and drops easily from 
the tree. The tree is a moderately spreading grower, being inter- 
mediate in habit between the Georgeson and Abundance. The fruit 
is of good quality, but for the last two seasons it has failed to color 
well and has dropped prematurely. The trees have not been very 


———_—_——_- 


38.— Wickson. The largest of the hardy varieties. 


productive, although they have borne for three consecutive years. 
From its behavior thus far, we are of the opinion that the Hale 
should not be put in the first or leading list of Japanese plums for 
western New York. It follows the Georgeson, being in condition 
for eating when the last specimens of the Georgeson are passing. 


16. Wrcoxson.— Fig. 38. 


Fruit very large, tapering from toward the base, and long heart- 
shaped with a deep strong suture; color usually a deep maroon red, 
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but sometimes tending to yellowish red; flesh very firm and meaty, 
dull yellow, rich but with an aromatic almond-like flavor, cling, the 
pit small. The tree is a very narrow upright grower with narrow 
yellowish green leaves. The fruit is borne far down on the old 
wood and not in clusters. Although it is said by Mr. Burbank that 
this plum was grown from Burbank seed fertilized by Kelsey pollen, 
I believe that it has Simonii blood. The character of the foliage 
and bloom, the habit of the tree and its method of fruit-bearing 
together with the texture of the flesh, all point to Simonii as one of 
its parents.* The tree is perfectly hardy with us. It impresses us 
as being a shy bearer, although our trees are not yet of sufficient 
age to enable us to have tested this point. It certainly does not 
come into full bearing as early as other varieties of Japanese plums. 
From its habit of bearing far down on the old wood and the com- 
paratively small amount of wood surface which it makes, it promises 
not to be a very prolitic variety. Prunus Simonii itself has been 
a shy bearer with us, except one year when the trees bore exceed- 
ingly full and the branches needed to be propped. It is possible, 
therefore, that when the Wickson trees arrive at a greater age, they 
may bear full crops. Most of our Wickson fruits —of which we 
had few — were ripe on the 8th of September; some of them were 
ripe five days before that time. 


17. Cuazsor.— Fig. 39. 
Bailey, Yellow Japan, Furugiya, O-Hatankyo. Uchi Beni of some. 


Fruit medium to large, oblong-conical, lacking the point, the 
suture usually pronounced, the stem thick and strong; color deep 
orange, heavily overlaid with light cherry red or the sunny side 
becoming deep dark red, with a whitish bloom and many minute 
golden yellow dots; flesh soft to firm, yellow, with no almond 
flavor, sweet, of excellent quality, cling; ripe with us this year, fit 
for eating, from the 7th to the 10th of September, and ready for 
shipping a week before that time. The Chabot is a strong, upright 
grower, prolific, the fruit handsome, good and long keeping. It is 
one of the best of the Japanese plums. 


* An opinion shared by Professor Waugh. See ‘‘ Hybrid Plums,” Bull, 67, Vt. 
Exp. Sta. 
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18. Satsuma. 


‘ig. 40, 


Blood. Yonemomo. 


Fruit medium to large, round-oblong or round-conical, with a 
short blunt point and deep suture ; color very dull dark brown-red 
with a heavy bloom, mottled with greenish dots; flesh hard and 
blood-red, very tenaciously clinging to the small pit, acerb but 
becoming rich and pleasant when fully ripe. This season the 
Satsuma was edible and also fit for market, but still hard, on the 8th 
and 10th of September. For the last three years the Satsuma has 
been a very prolific plum with us. When the trees were young they 
bore sparingly. Some growers complain that even when the trees 
are nearly matured they donot bear. It is a very long keeper. We 
believe that it is one of the coming Japanese plums. The red flesh 
may be against it in many markets. It seems to be an excellent plum 
for culinary purposes. The tree is a moderately spreading, but 
strong grower, and is distinguished from most varieties of Japanese 
plums by its habit of bearing spurs and short branches all along the 
main forks or branches of the top. 


19. Tue Normanp Hysrip Pious. 


J. L. Normand, Marksville, La., has distributed a number of 
so-called Japanese plums under numbers ranging from one to 
twenty. They are hybrids of apparently unrecorded parentage. 
Mr. Normand advertises (1899) : “ Out of over 30,000 seedling Japan 
plums we have fruited the past three years, we have selected 20 
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varieties. Most of these plums are a cross between the 
Japan and our native plums.” One of these (No. 15) we named 
Louisiana in our Bulletin 139, giving a picture thereof. In naming 
this plum, we did not recommend it; but since these numbered 
plums are offered to the trade, it seems to be necessary to name them. 
This year we have fruited two others of these numbered plums, and, 
with Mr. Normand’s consent, we have given them names. 

Georgia (Norman No. 20). Fig. 41. Fruit of medium size but 
variable, oblong, very blunt or sometimes with a cavity at the apex; 
color green or light greenish yellow when first ripe but becoming 
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pinkish, with a very thin nearly white bloom; flesh soft, watery, 
sweet, cling, with a peculiar breaking skin; ripe Aug. 24, some days 
in advance of the Louisiana. The tree has the habit and fruit of the 
Louisiana, but that plum is more distinctly heart-shaped. In com- 
mon with others of these hybrids, Georgia drops when it is stil! 
green in color, although it is edible at that time, and a pinkish color 


41.— Georgia (Normand No. 20). An evident hybrid. 


appears if it is allowed to lie on the ground. The tree is a spread- 
ing, twiggy grower, with slender, glossy, half-zigzag branchlets and 
foliage suggestive of some of the native plums. 

Alabama (Normand No. 5).— Fruit of medium size, round-coni- 
eal or heart-shaped ; color light bright yellow when ripe, with per- 
haps a faint pinkish cheek, covered with a very thin bloom; flesh 


soft, sweet and juicy, cling; ripe the 14th of September. The 
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latest of the plums reported in this bulletin. 


The fruits drop 


before fully ripe, but develop an excellent quality after they have 


On account of its lateness, it is possible that this plum may 
The habit of the tree is like that of the 


InDEX To VARIETIES. 


fallen. 

have commercial value. 
Georgia. 

Abundances anh. s sa eee No. 10 
BNIED| OF: a0 geen pen aetna cant Ea ead eer 19 
BAD COC RHEE a dig ki ospe te ROR OE ORR rte 10 
BUCY Reon eras one nS ois MoS etre si 
Benckimanssauisece twos cy eee cca nome 9 
(BERG Er Nney ceys net cies yc oem mea 4 
BLOOD Die teed a tees rst yc teveas caer eo AO 18 
urban ys seems et eee ee 12 
TE CHADD INOS Tha on Seo OS CaS s doo So 14 
Chabot eee aern. nee massa ate i 
OTORE CEG ese ae es 10 
IDO Bicoas oboe aos Boa oe ne eee 10 
HManliest Of AM sii ox ccc dey ee eeieoe 1 
LOSE Sek ais -6 Reisen teens outa eas gate Ole 2 
UT RUGUY Ores eels if 
GeOneesOMinseciawic dai a ees cele 
GeOrea as os Ac kip ine teas eaves 19 
ICS) 92s Se Ra ec ee ey RS 15 
LOGEC TURtON OULONG peer rer ae 6 
TA GGEOTUCTN itn oo see ders on So 6 
TLOPUSTLONLO® eae Re ae aia ed ohare eee 4 
PUM tihece Hue eae ceaee Sete aes eters 14 
IK CEI ere ees srs ctsrceipe agnor eae 6 
THO WISIANID earcrecscoecvceatatets, lice gets cates 19 
TG WitS Ree eax net oe eros o arncckee eaten 3 
ManUcciitecrioc: ces sites Sr ec 11 


MOSUL IS No. 11 
MOSS Ihe te ects CR ER. 11 
IWHGNTD. co ob Mh ABOS Diet ESS 13 
WNagate mo Botankyou.. +--+ 28a eae 7 
Normand iy bridso-.240c) eee 19 
INOP RTH INONDs 6 Sa ceSteobu ac. bs 19 
DNOTINGNO NOW OR ae ey 19 
Normand NG 20-5... 55 aon rae 19 
OBO. a). oo kek! oak oe aoe 8 
ORF GGT OR cece ae cea cic eee 17 
REG. Si CP eekere aus scr cre See Oe if 
Satsuma) 2/0 eee ce eee 18 
SUE CWOCRRUNN <a ic eee ee RY 4 
Wohi BENE: Saison eee ay 
OR RTS) Berita. ep OMAN RRO Coote ye ic. ain RO 4 
Wasse-Botankio.. ... Nay ay 3 
WGSSC2,SUINO MON. jn os eee oe 1 
WSSU eo a Ones ek RE 12 
Welitie elsey ee. ave wake Suerte 13 
Wickson ....... Seas tt ts 16 
BWV Tae eR ec otic eh ee 5 
VECAGO the eh rons Opeanee eS Wnty. |S 13 
Yellow-Fleshed Botan.............. 10 
1 AHCI A LHR OG woe od os ome a0 605 oe 17 
YORCTIOMO £1 cee M eEE : 18 
YOSCDGERE SSG, reste aps eee TORTS 5 1 


LEO BAEEY- 


Bulletin 176. December, 1899. 
Cornell University Agricultural Experiment Station. 


ITHACA, N. Y. 


ENTOMOLOGICAL DIVISION. 


2 


THE 
gC ol Loads Ano ketene pheontN, bane 


‘* June 15, 1749. Peach trees have often been planted here (Albany, N. Y.), and never would 
succeed well. This was attributed to a worm which lives in the grouud, and eats through the 
root, so that the tree dies.’ — Peter Kalm, in his Travels into North America, Translation by 
Forster, vol. IT., p. 244. 


An abridged edition of this bulletin is published for general distribution. 


By M. V. SLINGERLAND. 


PUBLISHED BY THE UNIVERSITY, 
ITHACA, N. Y. 


1899. 


ORGANIZATION. 


BOARD OF CONTROL: 
THE TRUSTEES OF THE UNIVERSITY. 


THE AGRICULTURAL COLLEGE AND STATION COUNCIL. 


JACOB GOULD SCHURMAN, President of the University. 
FRANKLIN C. CORNELL, Trustee of the University. 

ISAAC P. ROBERTS, Director of the College and Experiment Station. 
EMMONS L. WILLIAMS, Treasurer of the University. 

LIBERTY H. BAILEY, Professor of Horticulture. 

JOHN H. COMSTOCK, Professor of Entomology. 


STATION AND UNIVERSITY EXTENSION STAFF. 


I. P. ROBERTS, Agriculture. 

G. C. CALDWELL, Chemistry. 

JAMES LAW, Veterinary Science. 

J. H. COMSTOCK, Entomology. 

L. H. BAILEY, Horticulture. 

H. H. WING, Dairy Husbandry. 

7. F. ATKINSON, Botany. 

M. V. SLINGERLAND, Entomology. 

x, W. CAVANAUGH, Chemistry. 

L. A. CLINTON, Agriculture. 

B. M. DUGGAR, Botany. 

J. W. SPENCER, Extension Work. 

J. L STONE, Sugar Beet Investigation. 
Mrs. MARY ROGERS MILLER, Nature-Study. 
A. L KNISELY, Chemistry. 

C. E. HUNN, Gardening. 

W. W. HALL, Dairy Husbandry. 

A. R. WARD, Dairy Bacteriology. 

L. ANDERSON, Dairy Husbandry. 

W. E. GRIFFITH, Dairy Husbandry. 
Mrs. A. B. COMSTOCK, Nature-Study. 
ALICE G. McCLOSKEY, Nature-Study. 


OFFICERS OF THE STATION. 
I. P. ROBERTS, Director. 
E. L. WILLIAMS, Treasurer. 
EDWARD A. BUTLER, Clerk. 


Office of the Director, 20 Morrill Hall. 
The regular bulletins of the Station are sent free to all who request them, 


162 


tHE PEACH-T REE BORER. 


Sanninoidea exitiosa Say. 


Order Leriporrrra; family Sesmpar. 


FTER haying made a careful study of the horticulture 
of New York State, I am convinced that the peach 
industry suffers more from careless. and unscientific 
methods than any other pomological interest. The 
greatest fault lies in the cultivation, or, I might 

WH 4, have said,in the lack of cultivation. Zhe second 

= My fault is inattention to borers and yellows.” Since 

1894, when Professor Bailey expressed the above 

opinion, the peach industry in New York has increased until now 

there are probably 13,000 acres of peach orchards in the State, and 
many of them are receiving better care and cultivation. But every 
commercial grower of this luscious fruit realizes that his success 
oftentimes largely depends upon his ability to prevent the weaken- 
ing or destruction of the trees by that king of all peach insect pests 

—the peach-tree borer. 

One of America’s most noted peach growers, J. H. Hale, has said 
that “the peach-borer has killed more trees than all other causes 
combined.” We suppose that but comparatively few of the peach 
trees, which have been planted east of the Mississippi river during 
the last quarter of a century, have lived to produce a crop of fruit 
without suffering more or less from this dreaded borer. 

The peach-tree borer has ranked as one of the standard and serious 
insect pests of the United States for nearly a century, hence, natu- 
rally, it has been much discussed in our literature ; the bibliography 
of more important writings concerning it, which is appended to this 
bulletin, will serve to show how voluminous is the literature regard- 
ing it. By far the larger proportion of this literature deals with 
163 
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methods of preventing or controlling the pest. Thus this exercise 
of the ingenuity of American peach growers for a century or more 
has resulted in perhaps as many, if not of more, different schemes 
to circumvent the ravages of the peach-tree borer than has been 
devised for any other of our insect pests. 

And yet there are recorded but few thorough, scientific, extensive 
and conclusive experiments with any of the methods recommended. 
This fact led Professor Comstock to plan, several years ago, an 
extensive series of experiments with many of the so-called “ remedies.” 
A peach orchard of nearly 400 trees was set near the insectary in 
1893 for the sole purpose of experimenting against the insect. Por- 
tions of this orchard are shown in figures 52 and 53. These experi- 
ments have cost much in time and labor, but no effort has been 
spared to render the results reliable and as conclusive as possible. 

The principal aim of this bulletin is to record the results of these 
careful and extensive experiments which cannot fail to be of direct 
practical value to every peach grower. But to fight an insect the 
most successfully one should know the details of the story of its life, 
hence we have also aimed to make this bulletin a complete and up-to- 
date compendium of information on all phases of the peach-tree borer. 


Its Hisrory anp Disrrreurion. 

The peach-tree borer is an American insect, and has been found 
only in the United States and Canada. The peach tree, a foreign 
plant, had doubtless been in cultivation for a century or more before 
we find any definite record of its being attacked by the borer. The 
note quoted on the title page is the first reference to this insect we 
have been able to find in the literature. This testimony of Kalm 
(in 1749) would indicate that the insect must have attained a liking 
for the peach tree about two hundred or more years ago; and before 
the middle of the last century, or a hundred and fifty years ago, it had 
become a serious menace to the growing of this fruit in New York 
State. Twenty years later the insect was recorded (Cooper, 1771) 
as “ prejudicial to the peach trees” in New Jersey. During the 
first decade of the present century (1800-1812) it became a serious 
menace to peach growing in New Jersey, Pennsylvania and Vir- 
ginia, and many methods of preventing its ravages were tried. In 
1823 it was common and destructive in Massachusetts and North 
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Carolina, and northern and eastern nurseries were accused of send- 
ing many infested trees into Maryland. Fifteen years later the 
peach growers of Tennessee were suffering from its ravages. By 
1850 it had become a serious menace to peach growing from the 
Atlantic ocean to the Mississippi river, and by 1871 it had attained 
a similar reputation in Canada. It is said to have been recognized 
in Kansas as early as 1873. During the past ten years it has been 
sent into New Mexico and California on nursery stock from Ala- 
bama and Missouri, and has obtained a foothold in New Mexico. 
Aside from these two instances, there is no definite evidence that 
the peach-tree borer of the Atlantic States occurs west of the Rocky 
Mountains except in Colorado. The peach-tree borer of the Pacific 
coast is a different but very closely allied species (Sanninoidea 
opalescens).* 

In brief, this native American insect found the imported peach 
tree to its liking, perhaps two centuries or more ago, and before the 
middle of the last century it had attained the rank of a serious pest 
of this fruit tree. For more than a hundred years it has been 
recognized as a serious menace to peach growing in the north-east- 
ern portion of the United States, and since 1850 it has sustained this 
reputation in most of the peach-growing sections of the country east 
of the Mississippi river. At present it has to be fought by every 
successful peach-grower if nearly every State in the United States 
east of the Rocky Mountains, from Maine to Texas, and also in 
Canada. Apparently it has not yet established itself on the Pacific 
coast, and occurs west of the Rocky Mountains only in Colorado 
and possibly in New Mexico. 

It seems to have first attracted attention as a peach pest in New 
York, and thence soon assumed a similar role to the southward, 
eastward and westward. 


** In 1897, Cordley published an account of the Atlantic or eastern peach-tree 
borer (S. exitiosa) as THE peach-tree borer of Oregon, which had been introduced 
nearly twenty years before. Dr. L. O. Howard has recently carefully investi- 
gated the distribution of this pest and he writes us, after an examination of Ore- 
gon specimens, that he has ‘‘no evidence that Sanninoidea exitiosa now occurs on 
the Pacific coast. Those introduced into California on nursery stock in 1891 do 
not seem to have established themselves.” Mr. Cordley also tells us that all the 
moths he reared were opalescens. 
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Its Name. 


The destructive or “borer” stage of this insect was doubtless 
known to peach-growers in the first half of the last century. The 
adult or moth stage of the pest seems to have been known since 
about 1770. By 1800, some peach-growers had obtained a fairly 
accurate knowledge of its life, but it apparently received no scien- 
tific name until 1804 or 1805. In 1804 Dr. Barton received the 
Magellanic premium from the American Philosophical Society for 
an essay on “ A Number of the Pernicious Insects of the United 
States.” Harris recorded in 1826 that Dr. Barton named and 
described the insect as Zygena persicw in this essay, of which Dr. 
Mease had published an extract ;* we have been unable to discover 
if this essay was ever published. Dr. Barton used the name of 
persicae for this insect in 1805, but if he published a description in 
connection with this name, it has not yet been found; hence the 
peach-tree borer’s first and very appropriate scientific name of per- 
siceé has been supplanted by another. It is of interest to note that 
the name persicw or persica was also independently proposed for 
the insect by Harris in 1823 and Thomas in 1824. 

In 1823, specimens of the moth of the peach-tree borer were sub- 
mitted to Say, and he named and described them as exttiosa y and 
the insect is now known by this specific name the world over.t 


* Harris says: ‘‘ Barton having first described this insect, the name which he 
has imposed has the priority, and must be retained.” He then describes the 
male and female, using Barton’s name; he refers to Say’s name in a preceding 
paragraph. And yet four years later we find Harris using only Say’s name, and 
never referring to Barton’s name in any of his subsequent writings. We can 
find no explanation by Harris for his rejection of Barton’s name. 

+ Bibliographical references showing the different scientific names which have 
been applied to the peach-tree borer and the different genera in which it has been 
placed, arranged by Mr. Beutenmiiller. ‘ 

Zygena persice. 1805. Barton, B. S., Phil. Med. and Phys. Journal, L., pt. ii, 
p. 29. No description of moth. , 

Aegeria exitiosa. 1828. Say, Jour. Acad. Nat. Sci., II]., 216. Original 
description. 

Apis persica. 1824. Thomas, American Farmer, VI., 37. 

Paranthrene pepsidiformis. 1825. Wiibner, Zut, Exot, Schmett., p. 32, figs. 
533-534. Good figures of female. 
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The insect was popularly known as the “peach worm” or “the 
peach-tree insect”? in earlier writings. Sometime before 1850 it 
had received the name of “peach-tree borer,’ and usually under 
this popular name it has since been discussed. Almost every peach 
grower east of the Rocky Mountains understands what insect is 
referred to as the “peach-tree borer.” However, the peach-tree 
borer of the Pacific coast States is a different kind of an insect, bear- 
ing the scientific name of Sanninoidea opalescens. Hence, when 
exitiosa obtains a foothold in these States, which is liable to oceur 
at any time, it will doubtless be designated as the Eastern peach-tree 
borer to distinguish it from the Pacific species. 

The specific name extiosa means “ destructive,’ hence it is aptly 
applied to such a pest as the peach-tree borer. Emmons (1854), 
doubtless freely translating this name, called the insect the “ Mis- 
chievous Egery,” the latter part of this being a popularization of its 
first generic name of Aegeria. 

As the bibliographical foot-note, referred to above, indicates, 


Aegeria persice Barton. 1826. Harris, New England Farmer, V., 33. 

Sphing exitiosa Say. 1832. Brown, Book of Butt. and Moths, p. 17, fig. 63. 

Trochilium exitiosa Sum. 1856. Fitch, Third Rept., 356. 

Trochilium exitiosa Say. 1862. Morris, Synop. Lep. N. Am., p. 140. 

Sesia xiphiaeformis. 1874. Boisduval, Suites a Buffon, Nat. Hist. Lepidop., 
Het. 1., p. 409. Description of female. 

Sannina exitiosa Say. 1874. Butler, Ann. and Mag. Nat. Hist., p. 408. 

Sanninoidea exitiosa Say. 1896. Beutenmiiller, Bull. Am. Mus. Nat. Hist.. 
VIII, 126; and Vol. XII., 1899, p. 160. 

FEMALE VARIETY fitchii. 
Aegeria exitiosa var, fitchit. 1882. Edwards. Papilio, II., 55. 


MALE VARIETY Juminosa. 
Sannina exitiosa var. duminosa. 1894. Neumoegen, Ent. News, V., 331. 


FEMALE VARIETY eda? dsit. 

Sanninoidea exitiosa var. edwardsii, 1899. Beutenmiiller, Bull. Am. Mus. 
Nat. Hist., XII., 160. 

This bibliographical foot-note shows that the insect has received two other spe- 
cific names (pepsidiformis by Hiibner in 1825, and aiphiaeformis by Boisduval in 
1874) in Europe, and it has also been placed in several different genera, being 
once described as a wasp (Apis persica). The latest student of this kind of insects, 
Mr. Beutenmiiller, has formed a new genus, Swnninoidea, for this insect and a few 
closely- allied forms. Hence the peach-tree borer now bears the scientific name of 
Sanninoidea exitiosa Say. 
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three variations of the adult forms of this insect have been described 
as distinct varieties. Thus we have the female varieties, fitchdi and 
edwards, and the male variety, /wminosa. These will be discussed 
when the appearance of the insect is being considered. 


Irs CHARACTERISTICS. 


Most peach growers have seen this insect in its destructive or 
“borer” stage, and doubtless but few have ever seen it in any other 
form. However, the peach-tree borer, like all the butterflies, the 
moths, the beetles, and flies and some other insects, passes through 
four different stages (see figure 57 on last page) during its life. It 
begins life as an egg, from which hatches the larva or “ borer,” 
which has to pass through a pupa stage, from which the adult or 
moth form of the insect emerges. The egg and pupa stage will be 
described in telling the story of the life of the insect. 

The “ borer.”— When full-grown, the larva or caterpillar of the 
peach-tree borer is a very light yellow, worm-like creature whose 
general characteristics are well shown in figure 42. It measures 
about an inch in length, and in addition to its six well developed 
thoracic or “ true” legs, it has five pairs of “false” or pro-legs on 
the third, fourth, fifth, sixth and last abdominal segments. The 
true jointed legs are of a light brown color, and terminate in a 
sharp, dark brown claw; all of the pro-legs are furnished with two 
rows of recurved brown hooklets, except the last pair which has 
but one row. The body is sparsely clothed with brownish hairs aris- 
ing from smooth, slightly elevated tubercles, and arranged accord- 
ing to a definite plan. The “ borer’s” head is of a shiny, dark red- 
dish brown color, with its strong mandibles or jaws nearly black. 
The dorsal portions of the first thoracic and the last abdominal seg- 
ments bear a very light brown, shiny, chitinous shield. The spiracles 
or breathing holes along each side of the body are nearly circular, 
dark brown with a black border, the first and last ones being con- 
siderably larger. The “borer” is well illustrated, both natural size 
and enlarged in figure 42, and is also represented natural size in its 
burrow in figure 47. 

The younger larvae or “borers” present practically the same 
characteristics as the full-grown one just described, except that the 
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hairs on the body are comparatively longer. We haveseen no indi- 
cations that young peach-tree borers present such striking differences 
from the older ones as do those of the closely allied squash-vine 
borer. (See Bull. 19, U. S. Div. Ent., p. 85-36.) 

The adult insect— The adult form or the parent of the peach- 
tree borer is a moth. The moth belongs to a remarkable family of 
insects known as the Clear-winged Moths, many of the members of 
which resemble bees or wasps in appearance more than they do 
ordinary moths, a resemblance due to their clear or unscaled wings 
and in some cases to their bright colors. DeGeer, writing more than 
a century and a quarter ago, says of one of these wasp-like moths: 
“ When I saw the moth for the first time, I dared not take it with 
the naked hand, so sure was I that it wasa wasp.” (DeGeer’s Abh. 
zur Gesch. der Insekten, German Translation, Vol. IL. p. 163.) A 
glance at figure 43 will show how easily one might mistake the 
moth, especially a male, for a wasp, so striking is the resemblance. 
It is not strange that the adult insect was regarded as a wasp by 
some of the early writers and was once so described and named 
(Apis persica, by Thomas in 1824). 

In figure 43 it will be noticed that two of the moths there illus- 
trated have a very different appearance, resembling wasps much less 
than do the other two moths. All of the moths in the figure are 
peach-tree borer moths, and simply represent the two sexes, the 
male and female which differ so strikingly in appearance that one 
may well wonder if they can belong to the same species of insect. 
Could the figures have been colored true to life the remarkable 
unlikeness of the two sexes and the striking resemblance of the male 
to a wasp would have been more vivid. 

The male moth is represented, twice natural size, at m in figure 
44, and natural size, by a large anda small specimen, at 7 in the same 
figure. Its general color is a deep steel-blue with a glossy lustre 
like satin ; all the dark portions of the figures are of this blue color. 
The four wings are transparent and glass-like, with a light tinge of 
smoky yellow; their veins, margins and fringes are steel-blue, the 
margins sometimes scaled more or less with yellow. The lower sides 
of the palpi are light yellow; there is a paler yellow spot on the ver- 
tex of the head and a deeper yellow, transverse stripe at the base of 


42.— Thelirva of the peach-tree borer, natural size and enlarged. 


43.— Moths of the peach-tree borer, natural size. 
right are females, 


The upper one and the one at the 


a 
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44.— Male and female moths of the peach-tree borer, natural size at n: m, male 
moth ; {, female moth, northern form (variety edwardsiz); t. f., typieal 
JSemale moth, southern form, i. f., body of an tntergrade form of female 


moth; m, f, t. f., andi. f. are all abcut twice natural size. 
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the head both above and beneath. The thorax has a similar light 
yellow stripe on each side of the dorsum, a transverse one at its base 
which is slightly interrupted in the middle, and a short, broader one 
on each side beneath the bases of the wings. The caudal borders of 
the dorsal and lateral portions of the second, fourth, fifth and sixth 
abdominal segments are light yellow; sometimes one or more of 
these narrow yellow bands are absent or become indistinct, especially 
where the specimen has become greasy, as it often does in a collec- 
tion. The anal tuft is wedge-shaped and tipped with white later- 
ally. The legs are light yellow at the joints. Most of these light 
colored markings are represented by white in the figures of the 
moths. The males vary in size from three-fourths of an inch to 
an inch and a quarter from tip to tip of their expanded wings; the 
two males at m in figure 44 differ considerably in size. 

Fitch described seven varieties of the male moth based entirely 
upon variations in the light colored markings. Neumoegen (1894) 
has described a beautiful variety of the male which has the borders 
of the wings heavily scaled with yellow; it bears the varietal name 
of luwminosa. 

The female moth of the peach-tree borer is shown twice natural 
size with wings spread at f and ¢. 7, and natural size by one speci- 
men at 2 in figure 44; two females are also shown natural size and 
at rest in figure 43, one at the base of the leaves and the other at 
the tip of the upper leaf. They are a little larger than the male 
moths, their wings expanding from one inch to an inch and a half. 
The female is wholly of a deep steel-blue color with a satiny lustre, 
except a broad, orange-colored band extending nearly around the 
abdomen on the fourth, or on both the fourth and fifth segments. 
The front wings are opaque, being entirely covered with the deep 
blue scales, while the hind wings are transparent over about half of 
their area, being heavily scaled with deep blue at the base and along 
the costal margin, and sometimes also between the two veins nearest 
the inner margin. 

A glance at 7 and ¢. f. in figure 44 will show that the female pre- 
sents a striking variation in the width of the orange band on the 
abdomen. In the typical form (¢./.) this orange band occurs only 
on the fourth segment, while the female at f has both the fourth 
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and fifth segments thus banded. Rarely a specimen is found with 
the fourth segment and a few scales on the sides of the fifth seg- 
ment of an orange color, as shown at ¢. f. in figure, thus forming a 
“connecting link” or intergrade between the typical female (¢. f-) 
and the one shown at fin the same figure. In his original descrip- 
tion of the female, Say stated that the fifth segment bore this 
orange band, but his figure shows the fourth segment orange; no 
specimen with only the fifth segment orange has ever been found. 
We have been unable to find any structural differences between the 
form with only one segment orange and the one with the orange 
band on two segments, and the fact that an intergrade (7. f. in figure 
44) exists, is quite conclusive evidence that they are simply striking 
variations of the same species. A similar variation occurs in the 
male of Sannina uroceriformis, persimmon-root borer. 

The fact that all of the scores of females of the peach-tree borer 
moth which we bred here at Ithaca, N. Y., with the exception of 
one intergrade form, were like f in figure 44, while all those which 
were bred on Long Island and New Jersey by Professor Smith, 
were like ¢. 7. in this figure, led us to make inquiries regarding the 
geographical distribution of these two forms of the female. The 
results indicate that the females with only the fourth segment orange 
are a southern form or geographical race occurring south of latitude 
40 to 42 degrees, while north of this latitude only the variety or 
race with the orange band covering the fourth and fifth segments 
occurs; the intergrade form (¢. f. in figure 44) has been found at 
Ithaca, N. Y., and near New York City. Mr. Beutenmiiller (1899) 
has recently given the name of edwardsii to this northern form of 
the female moth. Another variety of the female with only the 
fourth abdominal segment orange and “the space between the two 
inner veins of the hind wings is nearly, or quite, covered with blue- 
black scales, forming a stripe which divides the transparent dise 
into two parts” was named fitchii by Edwards (1882). 

Prof. J. B. Smith (1898) has illustrated some interesting structural 
characteristics of the moth of the peach-tree borer. The scaly vesti- 
ture on different parts of the body and wings present striking dif- 
ferences in size and character. “ At the base of the last segment 
in the female there is a brush of hair ordinarily lying close to the 
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body like a pencil, but capable of being expanded at the will of the 
insect. Giving this the usual interpretation we may take it to be a 
scent organ. The virgin female soon after emergence from the 
pupa fixes herself at rest, elevates the abdomen, projects the ovipos- 
itor with the genital organs directed downward, the tufts expanded, 
and awaits the male. The antennae show considerable differences 
between the sexes. In the female the joints are not furnished with 
tufts of hair on the inner side as is the case of the male. At the 
base of the antenna the differences between the male and female 
are yet more marked, and yet here the greatest modification is 
found in the female.” On the basal segment of the antenna occurs 
a sensory fovea ‘“‘in the form of a considerable opening covered by 
a tight, drum-like dise. A series of sensory punctures is found at 
the base of the second segment, and just above the sensory fovea 
there is an excavation which leaves that structure entirely free. In 
the male the large sensory fovea is present, but hardly as well devel- 
oped as in the female, and there are no sensory punctures on the 
second segment. It is probable that this fovea is auditory in fune- 
tion. The maxille of the mouth-parts differ quite strongly in the 
sexes at the base.” 

Mr. Beutenmiller writes us that only two other species of these 
clear-winged moths might be easily mistaken for the moths of the 
peach-tree borer. Both the males and females of Sesza pictipes* 
look much like the males of the peach-tree borer, but are readily 
distinguished by the presence of a narrow yellow band across the 
venter of the fourth abdominal segment, which is not present in the 
peach-tree borer. Both sexes of Sannina uroceriformis, the per- 
simmon-root borer, resemble the female peach-tree borer, but the 
hind wings of the former are entirely opaque, except a small trans- 
parent area at the extreme base. 


Foop-PLants. 


The peach-tree borer apparently has a decided preference for the 
peach tree, as no other plant is so often and so destructively attacked. 
The borer does not seem to discriminate in favor of any particular 


* Its larva lives under the bark of plum, wild cherry, June berry, and beach 
plum. We have also bred it from peach trees. 
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variety of the peach, all, whether “old relics” or young nursery 
trees, apparently suffering alike under similar circumstances. But 
the insect does not confine itself to the peach. As early as 1828, 
Harris reared it from the cultivated cherry in Massachusetts.* In 
1854, Fitch found it working in his cultivated plum trees in New 
York, and Glover recorded that ‘nectarines and apricots are as 
liable to be attacked by these worms as the peach.” In 1880, Fuller 
discovered that the cause of the death of several of his dwarf 
flowering almond shrubs was this peach-tree borer working in the 
roots. The preceding year it was recorded by Milton as working in 
the roots of azaleas which had been grown during the summer out 
doors in pots near badly infested peach trees. In 1882, Edwards 
described the female variety jitchiz from a specimen apparently 
reared from the roots of wild cherry in West Virginia, and Deve. 
reaux (Clyde, N. Y.) has recorded (1890) in Packard’s Forest Insects 
seeing this borer “in the trunk near the ground and in the bark of 
the roots of young wild cherry-trees.” Townsend states (1891) that 
the insect works in apricot as well as peach in New Mexico, and 
New York plum and prune growers suffer from the pest, but not to 
such a serious extent as those who grow peaches. 

In brief then, the peach-tree borer is par excellence a peach pest, 
but may also attack both the wild and cultivated varieties of the 
cherry, the cultivated varieties of the plums or prunes, nectarines, 
apricots, flowering almond shrubs, and azaleas. 

As the peach-tree borer is a native of America it must have lived 
upon some native plant previous to the introduction of the peach 
into this country. The fact that he found the borer working in his 
plum trees, led Dr. Fitch to think it quite probable that our indige- 
nous species of plums were its original food-plants. Marlatt (1896) 
and other writers have accepted this suggestion, but Devereaux’s 
observations of the insect working in wild cherry led Packard (1890) 


* In 1826, Harris records frequently seeing the borers in “‘ those tubercles which 
deform the limbs of the cherry tree.” And in 1841, he states he has ‘‘ repeatedly 
obtained both sexes of the moths from borers inhabiting these excrescences ” 
Whether these excresences were the well-known Black Knot fungus or not is not 
quite clear from the context. Webster bred the moths from cultivated cherry 
in Indiana in 1891. 
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to suggest that “this was undoubtedly the native food-plant 
of the insect before the importation of peach-trees.” In 1896, 
“G. E. M.” of Virginia recorded that his Japan plum-trees on 
Myrobolan or Marianna plum stocks were as badly infested as his 
peach trees, whereas when budded on Chickasaw or other native 
varieties, they were entirely exempt. This evidence, in connection 
with the fact that we have found no record of the peach-tree borer 
having been found in our native wild plums, would indicate that the 
wild cherry is more likely to have been its original food-plant than 
the wild plum; perhaps it originally fed upon both these plants. 
Whatever may have been its original food-plant, it has evidently 
almost entirely forsaken it for the peach. 


How ir SPREADs. 


The “ borer” or caterpillar probably never leaves the tree upon 
which it is born from the egg laid on the bark, and the insect spends 
nearly eleven months of its yearly life-cycle on or in the tree. It 
thus can be easily transported for long distances on infested trees, 
and this is doubtless the way in which it usually reaches new localities. 
In the spring and fall; when trees are usually transported, many. of 
the “ borers” are quite small and easily escape casual observation. 
As large peach trees are rarely moved, the growers of nursery stock 
are most responsible for the introduction of the insect into new 
localities. As early as 1806, Peters had “ discovered the worms in 
or near the roots of the smallest stocks taken from the nursery.” 
In 1824, Thomas states that he believed the pest was introduced 
into the neighborhood of Baltimore on nursery stock from Northern 
and Eastern nurseries, for many of the trees received from there 
were infested. It has been found on nursery stock sent into Cali- 
fornia from Southern nurseries, and it doubtless reached New 
Mexico and Colorado in a similar manner. Mr. Lowe (1897), states 
that “it is a too common occurrence in our own State (N. Y.), to 
find many young peach trees in the packing shed, waiting to be 
shipped, which are infested by borers. Within the past few months 
hundred of such trees have been found which were about to be 
packed and shipped to some distant State.’ It is doubtful if there 
is a peach nursery to-day east of the Rocky mountains that is not 
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more or less infested with the peach-tree borer. It is one of the 
most serious of the insect pests that are now being sent out by 
nurserymen. 

When the pest once gets a foot-hold in an orchard or locality, it 
may be slowly spread from orchard to orchard by the adult insects 
or moths, which fly readily, but apparently not for very long 
distances. 

Peach, plum, prune, apricot or cherry trees from a nursery should 
always be carefully examined for “borers” before setting them. 


APPEARANCE OF INFESTED TREES. 


Peach-tree borers often kill young trees by girdling them with 
their burrows just beneath the bark underground and thus render- 
ing their destructive 


work very conspicu- 
ous. Many infested 
trees, even young trees, 
survive the attacks of 
the borer, but they are 
usually recognized by 
their weakened, sickly 
appearance when com- 
pered with perfectly 
healthy trees. The re- 
cuperative powers of a 
peach tree from the 


ravages of borers are 
sometimes wonderful. 
We have seen a peach 


tree, only oneandahalf 


inches in diameter, sup- 
45.— Base of an infested peach tree, showing the 


port nine borers nea ly gummy mass surrounding the tree. 


to maturity in a single 

season and yet survive. And some of the trees in the older peach 
orchards of the country, and some of the “old relics” in door-yards 
or gardens, have furnished sustenance to hundreds of borers and 


are yet producing fair crops of fruit. But every borer weakens the 
12 
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tree more or less, the damage done depending much on the age of 
the tree, and whether it is well fed and cultivated. We have yet 
to learn of a successful and progressive fruit-grower who thinks he 
can afford to let the peach-tree borer have its own way in his peach 
or plum orchards. 

One can usually quickly determine if a peach tree is infested with 
borers. The work of the borer always causes the tree to exude a 
large amount of a mucilaginous matter which forms a gummy mass 
around the infested portion. We have seen at least two tablespoon- 
fulls of this gum result from the work of a single borer in a peach 
tree. This gummy mass mixed with particles of bark and the exere- 
ment of the borers is frequently visible on the surface of the soil 
close around the base of the tree. In figure 45 is shown a small 
peach tree surrounded by a ring of this gum resulting from the work 
of borers. By this tell-tale evidence, the presence of this gum at 
the base, one can usually determine at a glance if a peach-tree is 
suffering from borers. 

Where the peach-tree borer attacks plum or prune trees, however, 
there is but a slight, if any exudation of this gummy substance, 
hence one cannot so readily detect its presence on these trees. It is 
thus more difficult to find the borers in plum or prune trees, and 
this makes it harder to combat them in these trees. 


Tue Story oF THE PEACH-TREE Borer’s LIFE. 


Not many creatures pass through such varied, complicated and 
interesting experiences in their life-time as do the insects. The 
most common of them, those that we meet almost every day, could 
unfold to us many a weird and fascinating tale of their haps and 
mishaps in life could we but patiently watch their daily life. It is 
a curious fact, however, that when most of us see an insect of any 
kind our first impulse is to devise some method of taking its life, 
or literally of committing an insecticide. And especially is this true 
when the insect happens to be one which injures our plants, as does 
the peach-tree borer. But few peach growers stop to marvel over 
the wonderful transformations exhibited by this insect in passing 
through the four stages — the egg, the “ borer” or larva, the pupa 
and the adult moth — of its life-cycle. These four stages are illus- 
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trated in figure 57, used as a tail-piece on the last page; and how 
few peach-growers over saw the insect in any except the “ borer” 
or second stage of its life. And yet, our more successful fruit- 
growers are fast realizing that they must know more, and, in fact, 
cannot know too much, about the lives and habits of their insect 
foes in order to fight them the most successfully. 

The peach-tree borer, like most other insects, begins life as an 
egg, and, logically, we should begin the story of its life with this 
stage, but for various reasons we prefer to start with the insect in 
its winter quarters. 

How and where the winter is spent— The peach-tree borer 
always passes the winter in the larva or “ borer” stage ; this seems 
to be true wherever the insect occurs, even in the extreme south. 
In most of the Southern States the borers apparently get most of 
their growth before winter, and thus the hibernating larva are 
mostly large or nearly full-grown. In the Northern States and 
Canada, however, most of the hibernating borers are usually less 
than half-grown. Sometimes, during a long and favorable season 
in the North, many of the borers will attain one-half or more of 
their growth before winter; this happened in New York in 1898, 
so that many of the borers we found in hibernation at Ithaca on 
January 5, 1899, were large, some of them three-fourths grown. 
In most localities, however, both North and South, borers of all 
sizes, from those only one-eighth grown to those nearly full-grown, 
may be found in the trees during the winter. 

Our observations indicate that in New York State most of the 
larger borers hibernate in their burrows just beneath the bark and 
below the surface of the soil, while most of those which are less 
than half-grown pass the winter curled up in a thin half-cocoon-like 
structure built over themselves on the outside of the bark in the 
exuded gum, usually at the upper end of their burrows and at or 
near the surface of the ground. This winter home or hibernaculum 
of the peach-tree borer is a thin affair, with a smooth interior, and is 
made of bits of frass or particles of bark fastened together with silken 
threads, which simply covers the borer as it rests curled up on the 
bark. As these hibernaculums are usually surrounded with the 
sticky gum which exudes from infested trees, their principal use 
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may be to protect the borers from the gummy mass, thus giving 
them a more comfortable home during the winter. In exceptional 
cases we have seen nearly full-grown borers in winter curled up ina 
hibernaculum on the outside of the bark, just at the head of their 
burrow, which had become filled with the gummy mass. But usually 
in New York the larger borers hibernate in their burrows beneath 
the bark and the smaller ones, those less than half-grown, pass the 
winter in hibernaculums on the outside of the bark in the gummy 
mass; there are exceptions, however, in both cases, as just noted in the 
case of the larger borers, and some of the small ones apparently hiber- 
nate on the bark or in the gummy mass without any hibernaculum. 
This peculiar method of hibernation of the smaller borers is of con- 
siderable importance economically, as several northern peach-growers 
have discovered that they can quickly remove most of the borers a 
safe distance from the trees during a warm spell in winter by simply 
hoeing away the exuded gum from around the base of the trees. 

The peach-tree borer apparently eats nothing during the winter, 
at least in the Northern States. 

Habits of the borers in the spring.— In the latter part of April, 
1895, we found that some of the borers had already awakened from 
their long winter’s nap, and had broken the winter’s fast by begin- 
ning to feed on the bark. Yet some of them had not awakened or 
begun feeding by May first, but still lay curled up in their hiber- 
naculums. Climatic conditions in the spring will doubtless vary 
these dates somewhat, but usually the borers cease hibernation and 
begin feeding earlier than this in the spring, possibly feeding nearly 
all winter in the extreme South. 

As the borers usually hibernate, either in hibernaculums at the 
upper ends of their burrows, made the preceding summer and fall, 
or in their burrows, they oftentimes simply begin work in the spring 
where they left off to go into hibernation. The smaller borers often 
feed over an irregular area in the outer bark, but soon burrow into 
the inner bark and gradually excavate a burrow from one-half to an 
inch or more wide and two or more inches long, just under the 
outer bark in the inner bark and sapwood.* At w 3, in figure 46 is 


* Smith (1898) states that the borers ‘‘travel little and simply keep a clear 
chamber about them, mostly cut out of the bark, and in this they lie, subsisting 
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shown the work of a single borer, with part of the resulting 
gummy mass, g, just above. Usually the borers confine their 
destructive work to the trunk or roots of the tree a short distance 
below the surface of the soil: sometimes one is found in a root six 
or eight inches underground. Occasionally, however, a borer is 
found in the trunk above 


ground. We found one borer 
working in a large root-gall 
on a peach tree. 

Our observations indicate 
that in most years the peach- 
tree borer does more feeding, 
and is thus more destructive, 
in the spring than in the pre- 
ceding autumn in New York ; 
this is doubtless also true in 
most Northern States and in 
Canada. As the borers begin 
feeding about May Ist, it is 
during May and June that 
the peach-tree borer gets in 


its most destructive work in 
the North; in Canada appar- 


ently much feeding is also x meee | 
i 2 j 


done in the first half of July. 46.— Work of a single borer in a peach tree, 
The above statements are natural size; w b, burrow of borer ; 
g, gummy mass; p, pupa projecting 
from cocoon. 


based somewhat upon data 
furnished by the following 
table which has been compiled from our “ digging-out” records and 
those of Mr. Burrell in Canada. 


largely upon the plant juices.” It may be that the borers do get much of their 
food from the juices which exude from the wounds they make with their jaws. 
thus necessitating their making a comparatively small burrow, but from what we 
have seen of their work we do not reach such a conclusion, 
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47.— Work of the peach-tree borer, natural size, b,b, borers in their bur- 
rows ; ©, c, cocoons in the place where they were made by the borers ; 


p, empty pupa skin from which the moth emerged. 


48. —Cocoons of the peach-tree borer, 
natural size. 


[Sie es eet 


a} th 


49. —Pupe of the peach-tree borer » natural size at 0; 
m, male pupa, enlarged ; f, female pupa, enlarged. 
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The above table indicates that usually by far the larger propor- 
tion of the borers get less than half their growth before going into 
hibernation in New York and northward. They are naturally 
hungry after their long winter’s fast and their strong jaws are kept 
busy during the spring in satisfyiug this hunger and providing for 
the rapid growth of their body. It is surprising how rapidly the 
smaller borers grow in the spring. Some of the borers we dug out 
on April 19th, 1895, were so small, only one-fourth of an inch long, 
that we were loth to believe that they would get their growth and 
develop into the perfect or adult insect that season. We trans- 
planted some of these small borers onto trees in cages in the insec- 
tary on the same day they were found, April 19th. They soon got 
to work and grew so rapidly that in the next ninety days, or by July 
20th, they had not only grown into caterpillars an inch long, but 
these had spun cocoons, transformed to pupze, and the adult insect 
or moth had emerged. 

This question of when the peach-tree borer does most of its dam- 
age has a very important bearing on one of the most successful 
methods of combating it. In the South, the borers apparently get 
most of their growth or do most of their damage in the summer and 
fall, as most of them pass the winter as nearly full-grown borers. 

The cocoon.—In New York, and probably in most Northern 
States, some of the peach-tree borers attain their full growth in 
most years by June 5th, while others do not reach this stage until a 
month or more later; in 1899, however, some of them must have 
become full-grown by May 15th, for we found pupz on May 26th. 
When full-grown the borer leaves its burrow under the bark and 
proceeds to make around itself what is known as a cocoon. This is 
a rough, brown, elongate-oval capsuie with slightly pointed ends 
and is about an inch in length. It is constructed by the borer of 
its excrements and particles of bark, these being bound together 
with gum and a thin smooth inner lining of silk. A cocoon is 
shown natural size, where it was made by the borer, at ¢ in figure 
47, and two others are also shown in figure 48; the one in the right 
of this figure is of unusual length. It takes the borer from two to 
three days to complete its cocoon. 

The cocoons are usually attached to the outside of the bark of the 
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tree at or near the surface of the soil, but occasionally one is found 
two or three inches below the surface or lying loosely in the soil.* 

Within this cocoon the larva or borer soon sheds its skin and is 
transformed into an entirely different looking creature known as a 
pupa. We have not determined just how much time is spent in 
the cocoon by the borer before it changes to a pupa, but it is at least 
from three to five days. Usually we have not found the cocoons 
earlier than June 5th at Ithaca, N. Y., but in 1899, some must have 
been made by May 20th, as they contained pup six days later. 
They are made much earlier, in April, at Washington, D. C., or 
even in March in the extreme South. They may be found, contain- 
ing borers or pup in most parts of the country, from these dates 
“until September, even into October in Canada. 

The pupa.— The third or pupa stage into which the peach-tree 
borer transforms is shown natural size at m and enlarged at 7 and 
m in figure 49. These well illustrate the size, form and general 
features of the pupa. It is of a dark brown color, considerably 
lighter when first formed, and measures about three-fourths of an 
inch in length. The male and female pupz are readily distin- 
guished. The female pupa is larger and more robust, and it has 
but one row of spines across the back of the seventh abdominal seg- 
ment (the segment bearing the last or caudal spiracle) while there 
are two rows of these spines on this segment in the male pupa. 
These sexual differences in the pupz of the peach-tree borer are 
clearly shown in figure 49, the male pupa at m and the female at 7. 
When nearly mature, the female pupze are also readily distinguished 
from the males by the fact that the fourth or the fourth and fifth 
abdominal segments assume a dark orange color; the orange-colored 
segments of the female moth developing inside, simply show through 
the skin of the pupa. 

Usually the peach-tree borer does not transform to a pupa in New 
York much before June 15th (May 26th is the earliest date we have 


* In one case on a tree we had protected with tarred paper, the borer had first 
eaten a round hole through the paper, and had then capped the hole with silk 
and particles of bark, before spinning its cocoon beneath the paper near the hole. 
This is an interesting case of instinctive foresight in the borer in thus providing 


for the sure exit of the adult or moth. 
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found one), and pupee may be found from this date until September, 
probably the most in July. Add about two weeks to these dates for 
Canada, but at Washington, D. C., and southward, some pup must 
occur as early as April, or even in March in the extreme South. 

In the pupa stage most of the tissues of the borer or larva are 
built over into the moth. No food is taken, the pupa spending its 
whole life quietly within the protecting cocoon; it can move its 
abdomen slightly when disturbed. The statements regarding the 
duration of the pupa stage are quite at variance: They vary from 
‘“‘a few days” (Marlatt, 1896), or “eight to ten days” (Cocke, 1813) 
to from three to four weeks. Most writers who have recorded 
definite data from breeding experiments agree that the pupa stage 
of the peach-tree borer lasts about three weeks ; Ashmead (1888) says 
eighteen to twenty-four days for Florida, Smith (1897) records about 
twenty days for New Jersey, and Fitch (1855) found it to be at least 
three weeks in New York, while Burrell reports it as twenty-eight days 
for Canada. Our breeding experiments indicate that at Ithaca, N. Y., 
the insect is in its cocoon from twenty-five to thirty days, from three 
to five of these being spent as a larva, thus making the pupal period 
about three weeks. Possibly it is shorter in the South, but Ashmead’s 
record would indicate that it is but little shorter even in Florida. 

The emergence and habits of the adult or moth When the pupa 
is fully mature, or when the adult insect is ready to emerge, the 
pupa uses the hard, sharp, beak-like prominence on its head to break 
through the end of the cocoon, and then by means of the rows of 
spines on its back, it moves or hitches itself forward until it projects 
for half its length or more out of the cocoon, as is well shown at p in 
figures 46 and 47. This movement of the pupa out of the cocoon, 
and the wise precaution of the borer to build its cocoon near the 
surface of the soil, usually results in bringing the projecting pupa 
out of the soil. Thus the adult insect or moth, which is delicate 
and soft when it first emerges, finds itself at once in its favorite 
element, the open air. = 

At pin figure 46 is shown a pupa projecting from its cocoon 
ready for the emergence of the moth. And at p in figure 47 the 
moth has emerged, leaving the empty pupaskin still sticking in the 
cocoon ; the same thing is also seen in figure 48. The moth bursts 
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through the pupa skin, which splits down the center of the back for 
a short distance. After carefully drawing out its wings, legs, 
antennae, and tongue from their pupal sheaths, it may crawl a short 
distance, where it rests for from twenty minutes to half an hour to 
let its wings expand and dry. It is then ready for active flight. 

All records agree that the moths of the peach-tree borer emerge 
in the day-time, usually early in the day about 8 a. m., and they are 
also most active during the day, doubtless flying but little, if any, at 
night. Most moths in other families emerge and fly mostly at night. 
One familiar with the moths of the peach-tree borer ean usually 
find them flitting about from tree to tree in a peach orchard during 
the month of June or July. Those we have seen were rather easily 
disturbed and always flew rapidly and close to the ground, usually to 
the base of another tree not far distant. They visit flowers, Fyles 
(1898) having captured one on the blossoms of Spzrea salicifolia in 
Canada. Unlike most moths, they are not attracted to lights. 

The dates of emergence of the moths vary much in different parts of 
the country, and somewhat in different years. Asall sizes of the borers 
occur in the trees in the spring, and asall of these get their full growth 
before fall, it naturally follows that the resulting moths must continue 
to emerge over quite a long period, or from two to four months. 

The records from our breeding-cage experiments and other 
observations at Ithaca, N. Y., are given in the following table: 


SomEe Recorpbs oF THE EMERGENCE OF THE Morus At IrHaca, N. Y. 


1895 | 1896. 1898. 
Date. | Male. | Female. Date. | Male. | Female. Date. Number. 
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cel ese ee Sy Neate (ie Tigh esate a ie | 
a Nii! > eee as Le dl = seal Lt ie 3 2 
£200 Pte § 1 Dl Ge oldie 9 4 pe 
August 5.. 5 al sea a 1 
aed 2 | j : a Had 2 June :0. 11 
al hexane eo ee S| ‘Aug. 6. 9 
Ulf}. ¢ 3 4 
1s 2 8 
20.. 6 5 
| 7 eee 2 3 
| | on 
9) 9 9 43 


Tuk Pracu-TrREE Borer. 189 


Most of the moths in the above table, except for June 30th, 1899, 
were reared from borers dug out of peach trees in June. In exam- 
ining our trees on June 30, 1899, we found that eleven moths had 
already emerged, some of them possibly a week or more before, so that 
in exceptional years the moth may appear as early as June 15th in New 
York. But our records for the four years preceding 1899 indicate 
that usually no moths emerge in New York before July 1st, while 
most of them appear from July 15th to August 15th. We have no 
data as to the emergence of the last stragglers in autumn ; Kellicott 
(1881) has recorded rearing the moths late in September near Buffalo, 
N. Y. Thus the time of the emergence of the moths in New York 
may range from June 15th to nearly Oct. Ist, or over three months. 

We have endeavored to compile, in the following table, all of the 
records which seem to be based on definite knowledge of the time 


of flight of the moths in different localities or States : 


Taste SHowrna RecorpED Times oF Fricut or THE Morus IN 
DIFFERENT STATES. 


Authority and date 
of record. 


State or locality. 


Time of flight. 


Ashmead (1888). . 
Weed (1891) 
Crossman (1888). . 
Lancaster (1839). . 
McCarthy (1893) . 
Cocke (1813)..... 
“Gq. E. M.” (1896). 
“HH. F. H.” (1888). 
Riley (1869) .... 

Stedman (1898)... 
Kellogg (1892)... 
Faville (1898).... 
Thomas (1877).... 
Comstock (1880). . 
Fulton (1870)..... 
Cooper (1808).... 
Smith (1897)..... 
Worth (1828)..... 
Bateman (1876) .. 
Smith (1897)..... 
Harris (1841) .... 
Fitch (1855).. ... 
Lintner (1888) ... 
Glover (1855).... 
Kellicott (1881) .. 
Lowe (1897). ... 
CookiG875)re cae. 
Burrell (1898) ... 


Florida 
Mississippi 
Arkamsasit('s ik. 
Mennessee:,. 4. c<..55¢ 
N. Carolina (Central)| 
Virginia 


Kentueksys 3s t.. 02% 
Missourie.as.% = 32 
Kansas (Southern). . 
«« (Northern). . 
Hilinoissas ese a 
Washington, D.C.. 
Delawares* f+. - 
New Jersey ....... 
Pennsylvania...... 
Ohi0s re eres 
Long Island, N. Y.. 
Massachusetts 
New York (Albany). 


‘* (Hudson R.)) 
CF (sri), 56 
“« (Geneva)... . 
Michigan 
Canada 


eee eee ee 


Appears early in April. 

April and Sept. 

June to Sept. 

None June 1, but few cococns July 18. 
Moths disappear by July 15. 

July 15, through Aug. and Sept. 

First pupa July 1, moths about July 15. 
June 6 to Oct., mostly July 15 to Aug. 15. 
July 20, possibly last of May. 

May until well into July. 

May and June. 

June 16 to Sept. 

Usually July, hut May or June in §. Ill. 
May 10. 

June 15 to Oct. 

About July 15. 

Last of June to Sept. 1. 

July 15, through Aug. and Sept. 

Not before June 15. 

June 20 to Sept 

June to Oct., mostly July. 

July 14 to Aug. 15. 

Earliest moth on June 27. 

About June or July. 

As late as late in Sept. 

Not before July 1, usually. 

July, Aug. and Sept. 

July 19 to Nov., mostly Aug. 15 to 
Sept. 15. 
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It will be seen from the above table that the moths of the peach- 
tree borer may be found flying in some part of the country from 
early April (Florida) to November (Canada). Most writers previous 
to 1880 had recorded that the moths fly from about June 15th to 
October in most parts of the country ; but Comstock’s observations 
of the moths laying eggs as early as May 10th, in 1880, at Wash- 
ington, D. C., created an impression, which was quite general for 
inany years, that the moth emerged in most localities much earlier 
than the early writers had led us to suppose. It also led to the 
recommendation to apply remedial measures much earlier in most 
parts of the country. 

There is need of more definite data from many localities, espe- 
cially in the South, before one can make a general statement that 
will apply to all parts of the country. Marlatt (1896) has given the 
best generalization of this kind, which we would change but little, 
as follows: The moths begin to appear early in May in the latitude 
of Washington, D. C., and southward, over what approximates the 
lower austral region; in the Gulf Strip of this region they are 
recorded as appearing a month earlier. In the upper austral region 
roughly comprising the States above the cotton belt and below the 
northern tier, the moths do not usually appear until after the middle 
of June; in the southern portions of some of the States in this 
region they are recorded as appearing in May. In the transition 
region, which comprises the northern tier of States, together with 
most of New York and New England, and also including Southern 
Canada, the moths appear chiefly in July and later, rarely emerg- 
ing however, as early as June 15th, and belated individuals as late 
as October, or even November in Canada. June and July are 
therefore the worst months for the moths over the principal peach 
districts south of the fortieth degree of latitude, while north of this 
the moths are the most numerous during July and August, and in 
Canada from August 15th to September 15th. 

Our breeding experiments indicate that the two sexes of the 
moths are produced in about equal numbers, but we have no con- 
clusive evidence that the males emerge “a few days earlier than the 
females”? as some record. Smith (1898) states that “the adult life 
is short, perhaps no more than a day or two.” We have had them 
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live for three or four days in cages before we killed them, but there 
seems to be no definite data as to how long they live, probably it is 
not more than a week. 

Oviposition, and description of the eqgg— The moths may copu- 
late very soon after they emerge from the pupa; copulation may 
last for half an hour or more, and we have seen a mated pair fly 
from tree to tree meanwhile. Our experience, like that of others, 
indicates that the sexes will not mate when confined in cages. Egg- 


laying may begin in three or four hours FR 
yc en 
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after the females emerge. Smith (1897) 
states that if the eggs are not fertilized 
by the male within twenty-four hours, 
the females lay them unfertilized to get 
rid of them; these eggs do not hatch, 
however. The eggs are laid in the day- 
time, usually, it is said, from 11 a. M. to 
1 P.M. 

Most of the eggs in the body of the 
female when she emerges are full size, 
and have a hard, brown shell, hence it 
is not a difficult matter to dissect them 
ont and count them. This has been done 


by some, and the results show how many 
eggs may be laid by a female of the peach- 
tree borer. In 1820“ W. T.,” of Wash- 
ington, D. C., counted 678 eggs in one 


50.— Eygs of  peach-tree 

borer. natural size 
female; this is the largest number thus at n; one egg, en- 
far recorded. In 1897 Smith dissected larged at 1; micro- 
pyle end of egg, 
greatly enlarged at 
eggs with a hard, brown shell, and fully m. 


100 more white or less mature ones; and in another female he 
counted 625 eggs, “all but very few of them brown and of full 


from a female, only two hours old, 500 


size.’ In asmall female we found the 244 eggs shown natural size 
at m in figure 50. Thus one female is capable of laying from 200 
to over 600 eggs. As Smith (1898) states: “ Evidently there is an 
enormous discrepancy between the reproductive power of the female 
and the actual number of larvee or borers produced,” else our peach 
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orchards would suffer much more severely from borers than they do. 
No plausible cause for this apparent discrepancy has yet been sug- 
gested. Smith found that many eggs had been broken into after 
they were laid, but could not discover the agent. Possibly many 
unfertile eggs are laid, or the females may often die before laying 
their full quota. 

Worth published a very brief description of the egg of the peach- 
tree borer in 1823, but it was first characterized in detail by Com- 
stock in 1880. An egg is shown enlarged at / in figure 50 (from a 
photograph), and in figure 51 is shown an egg greatly enlarged (from 
a drawing). The eggs average .02 of an inch in length and are a 

@ oCilittle more than half as wide; many are 
shown natural size at m in figure 50. 
They are of a light chestnut or mars 
brown color and are subellipsoidal in 
form, slightly flattened with an oval- 
shaped depression, as shown in figure 51 
and at/ in figure 50. One end of the egg 
is either squarely or somewhat obliquely 
truncate, with a slight depression in the 
middle where the micropyle is located, as 
shown in figure 50 at m, which gives a 


much enlarged view of this end of the 

51.— Hog of peach-tree 

borer greatly enlarged. ess: t 
The whole surface of the egg is so 


‘sculptured as to have the appearance of being laid with irregularly 
shaped paving stones, the stones being separated by slight ridges ; 
this peculiar sculpturing of the shell is well shown at 7 in figure 50, 
or in figure 51, and still better at m in figure 50. 

Several persons have seen the female moth depositing her eggs. 
Comstock (1880) saw one female “ deposit upwards of twenty eggs 
upon different parts of the trunk of one tree, usually about one or 
two feet from the surface of the ground, in the space of about one 
hour. The eggs were deposited singly, and were stuck to the sur- 
face of the bark on their sides by a gummy secretion.” Smith (1898) 
records that Walker, at Jamaica, Long Island, saw a female begin 
laying eggs immediately after mating. She “ moved about actively 
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over every portion of the trunk, and even on the lower branches, 
touching her abdomen constantly to the surface. She was engaged 
in that way two hours and more. On examination, he found the eggs 
laid in all sorts of places, without special selection, singly or in groups, 
the greatest number found together being ten, while in several places 
three or four were observed together.” Smith then states that in his 
own examinations he found that “ as a rule the eggs were laid singly, 
and most of them within six inches of the soil. None were found 
at the immediate surface, although this point was particularly exam- 
ined. They were found more scattered higher up the trunk, and, 
as arule, few above from twelve to eighteen inches. Groups of 
three or four were occasionally observed, and in one instance I 
found nine within a space of half a square inch. A few eggs were 
scattered up to a height of five feet, and on one tree I found some 
on the main branches. It may be justly said, however, that above 
eighteen inches from the surface the eggs were “scattering.” They 
were laid apparently without selection of locality ; some on the per- 
fectly smooth bark, some among the lichens covering the trees in 
parts and some among the bark scales. No one locality seemed to 
be especially selected, and it seemed rather a haphazard seeding 
down, the moth depending rather upon the number of eggs laid 
than any method of protection. As to the number onasingle tree, 
I cut out twenty that were most convenient, observed at least as 
many more without close examination, and feel safe in asserting 
that more than fifty were then present within eighteen inches of 
the surface.” 

Smith further states that “the length of time during which the 
insect remains in the egg state is not yet accurately determined. 
Mr. Walker has found larvee just hatched beneath the empty egg- 
shells about ten days after observing the moths ovipositing, and 
believes that to be near the actual period. Dr. L. O. Howard 
informs me that their records indicate seven to eight days.” 

How long it takes a female to lay her quota of eggs, if she does 
lay all of them, is not known. Probably most of the eggs are laid 
in July and August in New York. 

Habits of the newly-hatched borer.— Comstock (1880) states that 
“the young larvee when first hatched are very active and have many 

13 
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long, stiff bristles on their bodies. Instead of boring through the 
bark they seek a crack, and an almost incredibly small one will 
suffice.” This last statement, as we shall see later, has a very 
important bearing on the question of preventive applications for 
this pest. Smith (1898) records on this point that “ Mr. Walker 
states from his observations, and my own agree in this point, that 
the young larvee may enter the bark at almost any point on the 
trunk, and that they will try to work in very close to the egg, if 
possible. I found several cases during the summer of burrows 
almost immediately below the egg, well up on the trunk. But in 
such cases the larva does not remain long and soon migrates 
toward the base. Mr. Walker says that he has actually seen such 
a migration and found the young !arva crawling down the trunk. 
It is possible that in this way many are killed in the very early 
stages by unfavorable surroundings before they get to the base of 
the’ free.” 

Habits of the borers in the fall The young borers continue to 
feed on the inner bark from the time of hatching in summer or 
early fall until they go into hibernation for the winter. We have 
no data on the time when the borers cease feeding in the autumn 
and prepare for hibernating. Perhaps the freezing of the soil is 
the signal for them to begin their winter’s nap. 

Number of broods yearly.— As we began the story of the peach- 
borer’s life with it in hibernation, we have now finished its yearly 
life-cycle. One early observer (Thomas, 1824) thought there were 
two broods of the insect in a year, but it is the unanimous experi- 
ence of all others that it always takes the insect a year to go through 
its life-cycle, even in the extreme south. 

lis life-story briefly told.— In New York the moths (figures 43 
and 44) begin to appear in the latter part of June and continue to 
emerge until September. A few hours after emerging the females 
lay their small, oval, brown eggs (figures 50 and 51) on the bark of 
the trunks of the trees from six to eighteen inches from the ground. 
From these eggs there hatches, in a week or ten days, a minute 
larva — the young borer — which at once works its way into a crevice 
of the bark, and soon begins feeding on the inner layers of the bark. 
It continues to feed in this manner, gradually enlarging its burrow 
under the bark, until winter sets in, when it stops feeding and 
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hibernates during the winter, either in its burrow or in a thin 
hibernaculum made over itself on the bark near the surface of the 
soil. The winter is always spent as a larva or borer, a few of them 
being nearly full-grown, but most of them being considerably less 
than one-half grown. In the spring, usually about May 1st in New 
York, they break their winter’s fast and grow rapidly for a month 
or more, most of them getting their full growth in June. They 
then leave their burrows and spin about themselves a brown cocoon 
(figure 48 and ¢ in figure 47) at the base of the tree, usually at 
the surface of the soil. A few days after its cocoon is made, the 
borer changes to a pupa (figure 49) in which stage it remains for 
about three weeks, usually in June in New York. From the pupa 
the moth emerges, thus completing its life-cycle in a year, fully ten 
months of which are usually spent as a borer in the tree, the 
remainder or a little more than a month being spent in the egg, pupa 
and adult stages. About the middle of July all stages of the insect 
may be found in some orchards. The above brief sketch of the life 
of the peach-tree borer will apply in general to most localities in the 
United States north of Washington, D. C. In Canada the moths do 
not begin to fly until about a month later, while in the South they 
appear a month or more earlier, so that the dates in the above sketch 
will not apply to these regions. 


Its Naturat ENeEmrizs. 


As the peach-tree borer spends most of its life under the bark 
beneath the surface of the soil, it is not readily accessible to enemies. 
But it does not entirely escape, for several insects have discovered a 
way to include this serious peach pest in every course served to their 
growing progeny. At least eight different enemies of the peach-tree 
borer have been found, and all of them are parasitic Hymenoptera. 
In 1872, the Ichneumon, Phaeogenes ater Cresson, and a Braconid, 
Bracon, n. sp., were reared from the peach-tree borer in Missouri 
(Insect Life, II, p. 349 and II], 152). In 1880 Comstock recorded 
that “ four species of parasites have been bred from the peach-tree 
borer the past season —two chalcids and two small Ichneumonids, 
the one belonging to the genus Microgaster and the other to the 
genus Bracon.” Dr. L. O. Howard writes us that the Braconid 
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mentioned is undoubtedly Bracon nigropictus Riley, but that the 
Microgaster cannot be found. 

In 1889, Popenoe recorded (The Industrialist, June 8, 1889, XIV, 
158) that “specimens of the pupze and larvee of the peach-tree borer 
collected in the College orchard, were inclosed in a breeding-jar 
which now, a few days after the collection, is alive with specimens 
of the two sexes of a honey-yellow Braconid fly, measuring in the 
female about one inch, in the male about one-half as large. From 
the abundance of this parasite in the jar where the dozen larvee and 
pup were confined, it may be inferred to be a common insect in 
this locality.” 

We have reared two other kinds of these little parasitic enemies. 
On June 11th, 1896, we found in its cocoon a dead peach-tree borer. 
A minute insect was seen to dart away from the cocoon, and we 
found many long, narrow, white eggs laid near one end of the dead 
borer. 

By June 16th, there had hatched from these eggs small, white, 
maggot-like creatures which had evidently been feeding on the dead 
body of the borer for a day or two. Three days later the maggots 
or grubs had entirely devoured the dead borer and had spun cocoons 
around themselves both on the inside and on the outside of the 
borers’ cocoon. On June 29th and July 4th, the adult parasites 
issued from these little cocoons. Dr. L. O. Howard kindly deter- 
mined them as Bracon mellitor Say. We bred these little Bra- 
conids from two different specimens of the peach-tree borer, both of 
which were dead when found. Is it possible that the Braconid fly 
kills its victim before laying its eggs near the body, or does it attack 
only those borers which have died from other causes? It is appar- 
ently not an internal parasite of the peach-tree borer as we saw its 
grubs feed only externally upon the dead bodies of the borers. In 
July, 1898, we also bred the same Braconid from the cocoon of a 
peach-tree borer which we found packed full of the cocoons of this 
little enemy. 

About August Ist, 1899, we examined some plum trees at Geneva, 
N. Y., and found four cocoons of the peach-tree borer. From two 
of these there emerged a male and a female moth of the borer, but 
from the other two cocoons we reared two large parasitic flies. One 
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of these emerged August 17th and was determined by Mr. Ashmead, 
through the kindness of Dr. L. O. Howard, as “phialtes irritator 
Fab. This Ichneumon fly has not been before recorded as a 
parasite of the peach-tree borer. From the remaining cocoon, there 
emerged on August 21st, the same Ichneumon parasite — Phaeogenes 
ater — which was found at work on the pest in Missouri in 1872, as 
noted above. 

The following insects are thus known to be enemies of the peach- 
tree borer: Phwogenes ater, Ephialtes irritator, Bracon vu. sp., 
Bracon nigropictus, Bracon mellitor, Microgaster sp., and two 
Chalcids ; whether the Kansas Braconid is a species distinct froin 
any of the above, we do not know. The grub of the first species 
devours, or is parasitic upon the pupa, while all the others appar- 
ently feed upon the larvee of the peach-tree borer. 

The fact that, from two of the four cocoons collected from plum 
trees at Geneva, N. Y., parasites emerged, would indicate that in 
some localities the enemies of the peach-tree borer may play quite 
an important part in checking the normal increase of the pest.* 


* Sometimes minute white larvee are found in the gummy mass exuded from 
peach trees infested by borers. ‘These white *‘ worms” are not enemies of the 
borer, and they develop into a Fungous-gnat (Mycetophila persice). See Am. 
Ent: I, 223 (1869); Glover’s Rept. of U. S. Ent. for 1872, p. 114; Lintner’s 2nd 
Rept., p. 6 (1885). The worms probably feed upon the gum or some decaying 
matter in it. 


HOW TO FIGHT THE INSECT. 


Including a Discussion of Previous Recommendations and a Detailed 
Account of Our Extensive Experiments Against It. 


For nearly a century and a half American peach-growers have 
been fighting the peach-tree borer, and the proverbial Yankee 
ingenuity has been freely exercised to devise methods to circumvent 
the pest. The result has been that more than a hundred different 
remedial measures have been recommended. We doubt if any 
other American insect pest has had its life threatened with so many 
different kinds of machinations. And yet peach-tree borers are now, 
after being besieged for more than a century by such an army of 
man’s devices, apparently as numerous and destructive in most peach 
orchards as in the days of our forefathers. 

We shall not attempt to discuss all of the methods which have 
been recommended, for, although we have made a critical and 
extended search through our American insect literature, doubtless 
some suggestions have escaped our notice; and again such a dis- 
cussion would require too much space, and much of it would be of 
no practical value to peach-growers. Many methods will only be 
mentioned in connection with some similar methods used in our 
extensive experiments. 

Some early recommendations and experiments.— In 1771 a paper 
was submitted to the American Philosophical Society “On the 
Nature of the Worms so Prejudicial to the Peach Trees for Some 
Years Past and a Method for Preventing the Damage in Future” 
(see the Bibliography, Cooper, 1771). We have found no methods 
recommended for combating this pest earlier than this, and not hay- 
ing access to this article, we are not sure of the nature of the method 
then proposed. But apparently the same author stated in 1806 that 
he had successfully used for many years a combination of the “ dig- 
ging out” and “ mounding” methods, and that he had tested the 
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treezing”’ method in 1779, injuring his trees and not the worms; 
hence it is probable that the “digging out” and “ mounding” 
methods were among the first to be used against the insect. 

About the year 1800, John Ellis received a prize of $30.00 offered 
by the American Philosophical Society for an essay on the best 
methods of preserving peach trees. Ellis’ method consisted in put- 
ting a band of straw, three feet long and an inch thick around the 
tree from the roots upward when the tree was in blossom, then 
removing the band in autumn. 

In February, 1806, Mr. Peters read a paper before the Philadel- 
phia Society for the Promotion of Agriculture in which he gave 
some remarkable experiences in combating the insect. The remedial 
measures employed against the peach-tree borer in the early part of 
this century are so well brought out in Mr. Peters’ article that we 
quote from it as follows: 

“T have failed in many things, in which others are said to have 
succeeded. Straw and bass, or paper, surrounding the trees, from 
the root, at all distances, from 6 inches, to 3 or 4 feet — white- 
washing, painting, urinous applications, brine, soot, lime, Srames 
filled with sand, oil, tar, turpentine, sulphuric acid or oil of vitrol, 
nitrous mixtures, and almost every kind of coating. Teguments 
of straw or bass make the bark tender; the more dense coating 
stopped the perspiration. The oil invited mice and other vermin, 
who ate the bark thus prepared for their repast and thus killed the 
tree. I planted in hedge rows and near woods, I paved, raised hil- 
locks of stone —I have suffered them to grow from the pit only, 
grafted on various stocks and budded, hilled up the earth in the 
spring and exposed the butt in the fall—I have scrubbed the stocks 
or trunks with hard brushes, soap suds and sand, scraped them 
with proper instruments: I have, for a season or two under various 
experiments, amused myself with the persuasion, that I had discoy- 
ered an infallible panacea. I had temporary success, but final 
disappointment. 

“T remove the earih a few inches around the tree in August or 
September. I pour around the butt of the tree, beginning about 
one foot above the ground, a quart or more (not being nice about 
the quantity) of boiling hot soap suds or water. This kills the egg 
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or worm lodged in the tender bark ; and of course prevents its rav- 
ages the next season. I frequently plunge nursery stock into boil- 
ing water, before planting. I lose very few, and do not attribute 
the losses to the hot water. I have the trees bared at the roots, 
exposed to the winter. | have lost some in this way, but still con- 
tinue the practice.” 

{t will be seen from the above that a hundred years ago quite an 
arsenal of insecticidal devices had been brought to bear upon the 
peach-tree borer. And the methods most frequently recommended 
to-day are the same or but slight modifications of these methods 
which our great grandfathers devised and used. Furthermore, 
althougl: it is anticipating a little, it is a curious and interesting fact 
that the results recorded by Mr. Peters in 1806 are not strikingly 
unlike those we have recently obtained in our extensive experiments 
against the pest. | 

Cultural methods.— It is doubtful if any of the cultural methods 
practiced by peach-growers exerts a great influence in keeping their 
trees free from borers. 

In our extensive experiments, budded stocks and trees grown from 
pits were used. Naturally there was no noticeable difference in the 
number of borers attacking each, for the borers usually worked 
below the inserted bud on the stock grown from the pit. However, 
in the case of plum trees, it is stated by “G. E. M.” (1896) that in 
his experience, Japan plum trees on Myrobolan or Marianna stocks 
were as badly infested as peach, but when budded on Chickasaw or 
other native varieties they were entirely exempt. Has anyone had 
a similar experience with plums? Apparently the insect does not 
discriminate between the different varieties of peaches, attacking all 
with equal relish. 

In New Mexico and neighboring States, ¢rrzgation is an import- 
ant factor in the growing of fruit, but Townsend (1892) reports that 
the “ peach-tree borer does not seem to be affected by irrigation, 
even though the water be allowed to stand for a considerable time 
and be given thorough access to the roots.” 

Those peach-growers who thoroughly cultivate and feed their 
orchards, scarcely allowing a weed to grow in them during the sum- 
mer, still have to exercise external vigilance to keep the numbers of 
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borers below the danger limit. We feel quite sure that it would 
not lessen the numbers of borers to allow such cultivated orchards 
to grow up to weeds or grass, but we have found no conclusive data 
on this point. Both cultivated and uncultivated peach orchards 
may suffer severely from the peach-tree borer, but the one who cul- 
tivates has several advantages; his orchard is always an advertise- 
ment to his thrift; it usually pays the best; and it is much easier 
to fight the borers in a cultivated orchard. 

Some general details regarding our experiments.— Realizing the 
lack of definite experimental information regarding the so-called 
“remedies” for borers, Professor Comstock planned in 1892 the 
most extensive and detailed experiments against the peach-tree 
borer* ever attempted. In the fall of 1892 an orchard of nearly 
400 peach trees of five different, leading varieties was set near the 
insectary. As the sole purpose of the orchard was for experiments 
against the borers, and as the space was limited, the trees were set in 
seven long rows six feet apart and only three feet from each other 
in the row. The location proved to be well adapted to our purpose. 
The trees grew well and several badly infested “old relics” of 
peach trees adjoining the experimental orchard insured a good crop 
of borers in the orchard each year. This last condition was a very 
important factor in the success and relative value of our experiments. 
The trees were budded stocks from.the nursery, and about one-third 
died during the winter of 1892-1893, while about one-half of the 
remaining buds failed to start in the spring. The dead trees were 
replaced by more budded stock in the spring of 1894, thus the 
experimental orchard consisted of 275 budded stocks (about half of 
which had just been set) of five of the leading varieties, and about 
125 trees of natural varieties grown from the pits, when our experi- 
ments with remedial measures were begun in the summer of 1894. 
The experiments were carried on during 1894, 1895, 1896 and 1898, 
no applications being made in 1897. The make-up of the orchard 
remained practically the same during these years, except that a few 


*The plans also included experiments against the apple-tree borer (Saperda 
candida) and the experimental orchard was started, but owing largely to lack of 
the borers, and also to the fact that the peach-tree borer experiment took so much 
of our time, we have not yet tested any remedial measures for the apple-tree borer. 


‘s9a.l) 04) fo sasDq 
ayy Uo suoynorddy quasaffip 942 920MT ‘“SNOL 9472 UNOD psbA huayoo, ‘L680 ‘hoy us pwnyaso wyuauriadxa aup UL N14 —"ZG 


“ygnos Huryoo) ‘1681 ‘hoy us pwpyato poyuaursadaa ay) U2 Nard —'SG 


204 Buiyetin 176. 


young trees were set in each vear to replace those which were killed 
by certain applications, and in 1897 the trees being so large, every 
other one in the rows was removed, thus reducing the number of 
trees one-half. Figure 52 is a view of this experimental orchard 
looking east down the rows in May, 1897; some of the different 
applications put on the trees in July, 1896, are well illustrated here. 
Figure 53 is a view of the same orchard looking south across it in 
May, 1897. 

The literature of the insect was critically searched and the differ- 
ent methods which have been recommended for combating it were 
carefully considered. As many of the methods were simply slight 
variations of others, only representative ones were selected to be 
thoroughly tested in our experiments. To these were added a few 
new ones which occurred to us. We thoroughly tested about 
twenty-five methods for from one to three years each. 

In treating the trees each method would be applied to a row of 
seven trees across the orchard, as shown in figure 52, where the first 
row is treated with tarred paper, the third row with some white 
substance, and so on. Beginning at the west end of the orchard we 
would usually treat each of the first four rows of seven trees each 
by a different method, and then leave the next two, or the 5th and 
6th rows, untreated for a check experiment. ‘he next four rows, 
or the 7th, 8th, 9th, and 10th rows, would then be treated, usually 
each by a different method, and the next two, or the 11th and 12th 
rows, left untreated as checks. This method was continued on 
through the orchard, duplicating each method at some other portion 
of the orchard in order to give each as fair and complete a trial as 
possible. All applications were made about the same time, usually 
during the latter part of June, and everything was kept cultivated 
during the growing season. The following spring every tree, treated 
or untreated, would be carefully examined, and a note made of the 
numbers and sizes of the borers found in each tree. All this 
involved a great deal of time and labor each year, but nothing was 
spared to give each method a thorough and scientific test. Most of 
the work has been done by the writer, and every detail of it under 
his direct observation and supervision. We had no favorites among 
the methods tested; we tried to make each do all it was recom- 
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mended to do; and we confidently expected to find one or more 
sure methods for controlling the ravages of the pest. We doubt if 
so extensive and thorough a series of experiments were ever made 
against borers of any kind in any country, and surely not against 
the peach-tree borer, hence our results should furnish much data for 
future recommendations of methods for fighting borers of all kinds. 

Sometimes results are rendered inconclusive or uncertain on 
account of the non-appearance of the insect in sufficient numbers to 
enable one to draw definite conclusions, regarding the effectiveness 
of any method. As the following table indicates, the “ old relies ” 
of peach trees located near our experimental orchard have furnished 
us a goodly supply of borers to combat : 


TasLtE SHow1inc THE NumpBer oF Borers Founp In THE WHOLE 
OrcHARD FoR Eacu YEAR. 
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SOY Go opeaaeBeammeooUDOMcucaccndDd Udoooncos seUuse 7d 50 137 
ie) A Sherdicc om aS Oa oe atte hl LOO Dic CoO hd ao Miao 27 29 47 


From the above table we learn that, in spite of the fact that two- 
thirds of the trees were treated during four of the years to protect 
them from the attacks of the borer, the average for the whole period 
of six years is almost a borer (.9 is the exact number) to each tree 
each year; the average for the check or untreated trees for four 
years is over one (or 1.1) borer in each tree. Usually over one-half 
of the check trees were infested each year, and nearly one-half of 
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all the trees, whether treated or not, every year since the orchard 
Was set. 

The methods which have been devised for fighting the peach- 
tree borer may be classed as destructive methods, which aim to kill 
the insect, and preventive méthods, which do not intend to let the 
borer get into the tree. 


1. Destructive Metruops ror FicHTiInG THE INSECT. 


It is against the larva or borer and the pupa stages only of the 
pest that a destructive warfare can be successfully waged. The 
egos have too hard a shell and are’scattered about over the bark too 
much to enable one to effectively reach them with an insecticide 
that would not injure the tree. One method has been suggested 
for killing the adults or moths. Neal (1889) recommends that 
“small fires at sunset in the orchard during April (in Florida) will 
destroy many of the moths.” As the moths are rarely, if ever, 
attracted to lights and are most active during the early part of the 
day, we do not believe they can be lured to their death by tires. 
And it is doubtful if the insect can be successfully fought at all in 
the adult or moth stage. 

The “ freezing” method.— 'This method was much in vogue among 
peach-growers a century and more ago. It was one of the first 
methods employed against the insect, and consisted in removing the 
earth from around the base of the tree down to the roots in the fall 
and leaving this portion, in which the borers usually work, bared to 
the frosts of winter. Many found it did not kill the borers, and as 
trees often died from the winter exposure, the method was discarded 
early in the present century. 

Boiling water or similar applications.— As early as 1823 it was 
suggested to remove the earth and gum from around the base of 
infested trees and pour boiling water on and around the base. There 
is no question but what the water will kill every borer it reaches. 
Several have had fairly good success with this method (Crossman, 
1888 ; Smith, 1890) and one (Peticolas, 1860) killed his trees as well 
as the borers. Smith suggested the use of kerosene emulsion 
instead, and some have used boiling soap suds. Coquillett (1891) 
dipped the lower portion and roots of infested nursery trees for two 
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minutes into a solution of one pound of whale oil soap to the gallon 
of water, the temperature of the solution being maintained at from 
120° to 180° F. The trees were examined five days later and all 
the borers found “as lively and vigorous as ever.” 

Thus it would seem that very hot (scalding or boiling tempera- 
ture) liquids may sometimes be successfully used in killing peach- 
tree borers in the tree, but there is danger of injuring or killing the 
tree, and the method is not so practicable as others on a large scale. 

Bisulphide of carbon.— This is a liquid which evaporates very 
rapidly and the fumes of which are sure death to animal life. Cook 
suggested its use against the peach-tree borer in 1880. No one 
seemed to have tested the liquid, however, until we treated a few 
trees in 1895. On April 17th, several small trees were selected 
which were so badly infested that there was a complete ring of the 
characteristic gum around the base of each. With a sharpened 
stick four holes were made around one tree, beginning about four 
inches from the trunk, and extending in a slanting direction toward 
the roots for a distance of six to eight inches; seven teaspoonfuls of 
the liquid were poured into these four holes, and then the holes 
were quickly stopped up. An hour later, we found three half- 
grown live borers in the tree and several living angleworms in the 
soil near the tree. The soilall around the tree smelled very strongly 
of the fumes. Around another similar tree, we introduced six tea- 
spoonfuls in the same manner, and three hours later found five live 
borers in the tree. Around a third tree we injected with the 
McGowen injector four tablespoonfuls of the bisulphide. The 
injector was forced into the ground as near the tree as practicable, 
and straight downward After twenty-four hours we found two 
living borers in the tree and live angleworms in the soil. These 
experiments satisfied us that this was not a practicable or effective 
method for killing the insect. 

About two years ago the liquid was extensively used in the San 
José region of California for the Pacific coast peach-tree borer. 
One of our correspondents there wrote that “ they could not get the 
liquid fast enough.” Thousands of trees were killed, and the craze 
apparently soon subsided. It must be used with great care around 
the roots of trees, as has been demonstrated on apple trees in Mis- 
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souri (Bull. 35 of the Mo. Exp. Station), and in some Ohio experi- 
ments (Bull. 106 of the O. Exp. Station) peach trees were killed by 
injecting it around them. 

Carbon bisulphide is too expensive and too dangerous to use 
against the peach-tree borer, and we have no evidence that it is an 
effective way of fighting the insect. 

The “ digging-out” method.— This method was one of the first 
to be used by peach-growers, and it is to-day more universally prac- 
ticed than any other method. Its name well describes the method. 
After removing a little of the soil from around the base of the tree, 
the presence and usually the location of a borer is readily deter- 
mined in a peach tree by the gummy mass exuded from the wound 
made by the borer. Sometimes it is a little difficult to locate and 
reach a borer which is working far down on a root. When once 
their burrow is located it is usually an easy matter to kill them with 
the knife or a wire. With a little experience one can often locate» 
and kill the borers with but little injury to the tree from the “ dig- 
ging-out” process. The peach tree so quickly repairs such wounds 
that one should not hesitate to use this method for fear of doing 
more injury with the knife than the borers would do. 

Some of the most extensive peach-growers first have a man hoe 
the soil and gum away from around the base of the trees and leave 
it thus exposed for a few days. In the meantime, the fresh excre- 
ment and gum resulting from the borers’ work renders it easier for 
one to locate them then, than to do so when the soil is first removed. 

When is the best time to dig them out? In the peach-growing 
districts north of Washington, D. C., the ideal time would be in the 
fall in September or later, or in April the next spring. By Septem- 
ber most of the borers have hatched from the eggs but have not 
done much damage. And usually most of them do not get half 
their growth before it is time for them to stop eating and go into 
hibernation ; and they usually do not begin feeding in the spring 
before the latter part of April; thus they get most of their growth 
and do much more damage in May and June. Therefore, by dig- 
ging them out in September or April one can catch the rascals 
before they have done much damage in northern localities. But 
the borers are then so small that many will be missed, enough to 
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develop into a sufficient number of the moths to often re-stock the 
orchard with as many borers as were dug out the preceding fall or 
spring. In April, 1895, we went over our experimental orchard 
thoroughly and got about 240 borers, and yet in June a second 
“digging out” revealed nearly 100 more large ones. ‘This has been 
our experience every year that we have done the work early in the 
spring, and we should expect similar results from fall work, although 
we have had no experience in digging them out then. If the “ dig- 
ging-out”” method is to be practiced but once a year, we would do 
it in June in New York or northern localities. It is true that the 
borers have usually done most of their destructive work by June; 
yet most of them are then so large that one can locate and kill 
them quicker and will miss but very few of them. This also means 
a greater reduction of the crop of borers for the next year than if 
the “digging out” was done only in September or April. We 
believe if the borers are thoroughly dug ont in June in northern 
peach-growing districts, if one has equally as enterprising neigh- 
bors, and if all “old relics” of peach trees in the neighborhood are 
destroyed or thoroughly ‘ wormed,” that, under these almost millen- 
nial conditions, one could reduce the numbers of the pest in an 
orchard below the danger limit in a few years so that the process 
would become less and less arduous each year. But if the method 
were neglected for a year or two, the pest would soon regain its 
former prestige and destructive powers. We doubt if the insect 
could ever be exterminated in a locality by the “ digging out” or 
any other method yet devised. To reduce the damage done and the 
number of borers to the minimum, the digging out should be done 
twice a year, once in September or later or in April and again in 
June in northern localities. In the South, apparently the best time 
to dig them out would be in March or April as it is reported that 
the moths begin to fly in April and May. Baker (1898) states that 
in Alabama “it should be done during late fall or winter; surely 
before the middle of April.” Perhaps July or August would be 
the proper time to get at the smaller borers before they had done 
much damage. There is need of more knowledge of the life-history 
of the insect in the South before one can make definite recommen: 


dations regarding the best time to apply remedial measures there. 
14 
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As little or no gum is exuded from infested plum or prune trees, 
the peach-tree borer is not so easily located in these trees, thus often 
making the “ digging-out ” process a more laborious one in such 
orchards. 

The “ digging-out”? method is, when thoroughly done, the surest 
way of getting at and controlling the peach-tree borer yet devised, 
and it is practically the only way to get at the pupee in the cocoon. 
It involves much time and labor, but most other methods are equally 
as laborious and expensive. From cur experience of six years we 
believe that one can dig out the borers from young peach trees in a 
cultivated orchard with no more expense and labor than it requires: 
to apply most of the other methods recommended ; on old trees or 
on trees in uncultivated orchards we have had no experience, but 
doubt if such conditions would much affect our belief. ‘To prop- 
erly apply almost any other method, one must first remove the soil 
from around the base of the tree down to the roots, then usually 
clean the dirt from the bark, and then incur the expense of making 
and applying the material used. While the latter is being done one 
can usually, with no more expense, locate and kill all the borers in 
the tree. 

It is an interesting and curious fact that most peach-growers first 
dig out the borers and then follow some other method, but they never 
attribute any of the suecess which may follow their efforts to the 
“ digging ” process where it usually rightfully belongs. Our experi- 
ments have demonstrated to us the wisdom of certain combinations, 
however, for the trees from which the borers were removed and 
killed each year usually contain more borers the next year than those 
trees from which they were first dug out and then certain other 
methods applied.* Thus the use of certain methods to supplement 
the “ digging-out” process is not a waste of energy and is to be 


* We had to practice the ‘ digging-out” method in connection with all the 
others tested. We would not have been able to make any comparison between 
the methods without the knowledge of the actual number of borers in each tree, 
which could be gained only by digging them out. In this process one ordinarily 
kiils many of the borers accidently, but it might be possible by taking great 
pains to locate and count the borers without injuring them. But we doubt if 
our experiments would have given any more conclusive results had we done this, 
for we never lacked for a goodly supply of borers. 
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recommended. We will discuss such combinations in our general 
conclusions to follow this detailed account of remedial measures. 


II. Preventive Measures. 
(a) By the use of other plants. 


The theory that the odor, or some other quality, of certain plants 
would keep insects away has led some to recommend that such plants 
be set beside peach trees to preserve them from attack by borers. 
We find tomatoes, tansy, red cedar and wormwood thus recommended. 
How tomatoes could afford any protection, it is difficult to conceive, 
hence the suggestion of their use seems to have scarcely survived its 
birth. Practically the same results followed the recommendation, 
as early as 1841, to plant red cedar or wormwood in the same hole 
with the peach tree, although the odor of these plants afforded a 
slight hold on which to pin one’s faith that it might possibly have 
some preventive effect. 

Tansy.— It was recommended to grow this weed around peach 
trees, as early as 1841. Although many people were equally as 
skeptical about its protective properties as they were of red cedar, 
yet the fact that so eminent an entomologist as Dr. Fitch thought 
it merited atrial, led several to test it. Peticolas (1860) and “ T. 
V. P.” (Count. Gent. for 1862, p. 357) reported that it had no effect 
on the number of borers. 

The following tabular statement tells the story of our experience 
with tansy : 


} Largest | 
Number | Number | Number’ number emteet of 
When applied of trees| When examined. | of trees of borers of borers. fee Ica 
treated. infested. | found. in one es we 
tree. ree. 
| al 
| ihe 
"| April, 1895.......| 2 (29%) 4 | 3 | None 
16 May, 1894 } 7 | June 10, 1896. ...| 3 (48¢) | 5 QQ) « 
Untreated trees. 
128 | April, 1895..... .| 60 (472) | 128 8 
Baa 176 8 


128 | June, 1896....... peer 


The above results afford some evidence that tansy exercised a 
slight preventive effect upon the number of borers. We do not 
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believe any other odorous plant would give results more encouraging 
to the peach-grower, besides it would not be advisable to use them 
in orchards for several reasons. 


(6) By Materials Piled or Scattered around the Base of the Tree. 


In 1806, Peters “ paved,” made piles of stones, and used soot 
around the base of peach trees without result against the borers. 
This verdict seems to have been accepted, and with good reason, for 
the preventive qualities of the methods are not apparent. 

Salt scattered in a circle around the base, slacked lime ina trough 
in the soil, and flowers of sulphur were found of no value and were 
discarded in the early half of the century. L’Hommedieu (1846) 
tried a mixture of sal¢ and salt petre for three years without success, 
but reports good results from use of air-slacked lime, this has not 
been the usual experience, however, with lime. A safe quantity of 
kainit around the base of the tree offers no encouraging features so 
far as effecting the numbers of borers is concerned (ural Mew 
Yorker for 1896, p. 583). Tanbark apd screenings of anthracite 
coal have been recommended, but they are not always available, and 
would afford no more protection than so much soil. Ashes piled 
around the tree have been often recommended since 1823, but all 
who have reported their results offer no encouraging evidence. 

Tobacco.— In 1818, Cocke recorded successful results for several 
years from binding cured tobacco around the tree at the surface of 
the soil. Dey (1839) gives corroborative results, and tobacco has 
since been frequently recommended. This evidence induced us to 
test it. We wound “tobacco stems,” obtained cheaply at a cigar 
factory, thickly and close around the base of the tree from the roots 
to a little above the surface of the soil. Our results are graphically 
represented in the following table : 


1894-1895. 
Largest 
Number Number | Number} number pater 
When appplied. | of trees When examined. of trees of borers|of borers np ayn 
treated. infested. found. in one tre 
| tree. : 
| 
( April 29, 1895 .. ) | 
June 4, 1894...! 20, | May 1, 1895.... (| 8 (40 %) 15 3 | None. 
|| May 24, 1895... | 
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1895-1896. 


| pe Largest | Effect of 
Number | Number | Number number | nligas 
When applied. of trees When examined. of trees |of borers of borers 5a ee se 
treated. | infested. | found. | in one | ac 
| tree. | : 
’ June 10, 1896.2} oar, : seek 
June 25, 1895 .. 13 } Sune i? 1aeb | ee) 5 2| None 
1896-1897. 
June 22-23, ] 
July 13, 1896 ..| 274 ee cine ; 3 (11 2) | 5 2 | None. 
Years. Untreated trees. 
1894-1895..... 128 | Same date.... ... 60 (47 %) 128 | 8 
1895-1896 .... 128 a: Aas ate G8(Oe'%) 176 | 8 
1896-1897..... 128 SU ee bens a | 75 (58 %) | 137 | 6 


The tobacco was applied about a month too early in 1894, which 
may explain much of the difference in the results for that year 
from the two following years. Note that the percentage of 
untreated trees which were infested during the last two years is 
from four to five times larger than the percentage of infested 
treated trees. This indicates that tobacco kept out from two-thirds 
to five-sixths of the borers during 1895 and 1896, which is decidedly 
a good showing for the method. In fact, but very few other appli- 
cations gave us as good results. Tobacco stems can usually be 
obtained very cheaply from cigar manufacturers, and when thus 
available the evidence indicates that they can be depended upon to 
greatly aid the peach-grower in his fight against this insect. 

We are not sure just how the tobacco stems act on the insect. 
It is doubtful if they act as a mechanical barrier, and we are also 
loath to believe that their odor is offensive to the insect. Perhaps 
the liquid leached ont of the stems by rains may kill the young 
borers. 

The mounding method.— This consists in simply hilling up 
the soil around the base of the tree. It was one of the first 
methods devised and has been extensively practiced by peach-grow- 
ers fora hundred years. Perhaps no other method has been so 


914. Buurietin 176. 


extensively discussed in the literature. In 1869 Walsh, Riley, Dean 
and Wells submitted much evidence both for and against the mound- 
ing method. So much was said in its favor that most writers have 
strongly recommended it, but it seems to have been little used in 
recent years by our most extensive peach-growers. Usually the 
soil is mounded to a height of from 6 to 10 inches, but some have 
made mounds 3 feet high around their trees. 

We tested the method for three years, making mounds from 6 to 
8 inches high around the trees by simply hoeing up the surrounding 
soil. We never hoed the mounds away in the fall. The following 
table succinetly states our results : 


1894-1895. 
L t 
| Number Number Number ni. Eiecuct 
When applied. | of trees When examined. of trees jof borers of borers eles an 
| treated. | infested. | found. | inone | free 
| tree. ° 
(| April, 1895... | 
June 138, 1894... 21+] May 1, 1895....}+| 9 (438%) 13 | 4 | None. 
() May 24, 1895... | | 
1895-1896. 
( June 10, 1896... 
June 17, 1895... 21-| June 11, 1896... +| 8 (82) 10 2| None 
June 17, 1896... ) | 
1896-1897. 
June 18, 1996...) 274 | June 28, 25, 28, 1) 7 (9g 9 2| None 
i MSOs rete ae \ 
Years. Untreated trees. 
—_ = 
1894-1895 ...... 128 | Samedates....... 60 (47 %) 128 8 
1895-1896 ...... 128 eae or oe 68 (53 %) | 176 8 
1896-1897 ...... 128 re Sian use 75 (58 @) 1357 6 


The table shows that the number of treated trees which were 
infested was considerably less than the infested ones among the 
untreated trees. A comparison of the number of borers found in the 
treated and untreated or check trees brings out the significant fact 
that the mounds kept out from 4 to 7, of the borers. Had we 
made the mounds a few inches higher or hoed them away late 
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in the fall, the results might have been still more favorable to the 
method. It must be remembered that we mounded the trees in con- 
nection with the “digging-out” process, and that there were 
untreated trees nearby. If one should mound all of the trees in an 
orchard and dig out none of the borers, it is doubtful if the mounds 
would keep out quite $ of the borers. From the evidence, we are 
forced to conclude that mounds of earth around the base of peach 
trees exercise a decided influence in keeping out borers, but we are 
not sure just how it is done. Mounding is probably the simplest 
and least expensive method yet devised for fighting the peach-tree 
borer, and, when practiced in connection with the “ digging-out” 
process, we believe it will give good results, but not as good as some 
other combinations. The mounding should be done between June 
15th and July 1st in northern peach-growing districts, and the 
mounds should remain at least until October or November. 


(c) By Wrapping with Paper or Similar Substances. 

It has been often recommended to bind straw around the base of 
peach trees to prevent their being attacked by borers. Ellis prac- 
ticed this a hundred years ago, and in 1800 he communicated his 
results, certified to by thirteen of his neighbors, to the American 
Philosophical Society and gained a premium of $30 offered by the 
society for the best method of preserving peach trees. Peters (1808) 
soon recorded unsuccessful results with straw, and it seems to have 
been used only spasmodically since. In 1880, Comstock reported 
that the same method-was being advised as a “ new remedy ” for the 
peach-tree borer in many agricultural journals. It could act only as 
a mechanical barrier to the borers, and one would naturally expect 
that its numerous crevices would allow the minute, newly-hatched 
borer to readily work its way through to the bark. For this reason 
and the fact that there was little evidence of the effectiveness of 
the straw bandage we did not test it. Theoretically, we would not 
expect it to keep out many borers, but, as we shall see later, our 
theories are not to be depended upon in fighting the peach-tree 
borer. 

About 1825, it was recommended to use bandages of cotton cloth, 
canton matting, tow-string ; some one suggested smearing the cot- 
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ton cloth with tar but it is doubtful if this would sufficiently increase 
its effectiveness to warrant the expense. In 182+, Harris recom- 
mended a sheathing paper bandage, and the more expensive cloth 
bandages have since received little attention ; paper had been used 
without success as early as 1806 by Peters. Various kinds of 
paper bandages have been suggested, such as old newspapers, heavy 
Manila or roofing paper, and tarred paper; Bateman used the 
latter quite successfully in 1871. 

Tarred paper.— We tested the ordinary tarred siding paper for 
three years with the following results : 


1894-1895. 
argzest | 
| Number | Number | Number | nie ber | peed 
When applied. | of trees When examined. | of trees | of borers, of borers} on sat 
treated. infested. found. | found in | Tee 
| one tree.| F 
| oni | April, 1895. ... y d 
May 18, 1894.. ‘| 21 || May 28, 1895... {| 8 (40%) 10 2| None. 
1895-1896. 
( June 5, 1896... | 
June 8, 189. . 21 +| June li, 1896... -|. 3(142) 3 1 None. 
(| June 12, 1896... | 
1896-1897, 
Jive tL SIG. oo | { June, 22/23, ° 25, 7 | ; a | 
July 13, Is BEY | 98, 189%... Wiha bet ME | 3 | None. 
Years. | Untreated or check trees. 
ane : ae: ms. A 7 
1894-1895 ..... 128 Same dates....... | 60 (47 @) 128 8 
1895-1896...... 128 | San | erates | 68 (53 7) 176 8 
6 


1896-1897...... 128 | riled) pees | 75 (58%) | 137 


| | | 


cent of the treated trees were infested, yet the paper evidently kept 
out from $ to £ of the borers, as compared with the untreated trees. 
This is a very good showing for the tarred paper bandage. 

We used pieces of paper large enough so that they usually went 
around the tree twice and extended from the roots to about a foot 
above the surface of the soil. Several of the treated trees are to 


be seen in the first row of trees in figure 52; and in figure 54 is 
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shown a nearer view of one of the trees. As the figure shows, the 
paper was carefully and closely applied to the tree, especially at the 
top, and going around the tree twice made two thicknesses of the 
paper, thus apparently eliminating all chances for the little borers to 
get in. And yet some of the borers got in in spite of the tarred 
paper bandage. : 

We believe the tarred paper acted only as a mechanical barrier, 
and that its odor did not add to its effectiveness. Hence we should 
expect ordinary newspaper or any 
other paper bandage to be equally 
as effective a preventive if care- 
fully applied. The tarred paper 
did not injure our young trees in 
in the least, although it was ap- 
plied to the same trees for three 
years in succession and remained 
on the trees nearly the whole time. 
But others (Smith, 1898) have in- 
jured trees with it. Old news- 
papers or any wrapping papers 
are much cheaper, a little easier 
to apply and probably just as ef- 
fective, but they will not remain 


intact nearly so long in northern 
peach districts on account of rains 
and winds. Smith (1898) records 
some fairly successful experiments 


with newspaper bandages; and 
Cordley tells us that in Oregon 


where the rains do not interfere 54.— Peach tree treated with tarred 
paper in the experimental orchard. 
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with it so much as in the East, it 
is one of the most successful methods in use against the Pacific coast 
peach-tree borer. Large or moderate sized trees were treated in New 
Jersey with newspapers for less than one cent per tree. 

The evidence thus indicates that paper bandages, when carefully 
applied, are one of the cheapest, and they are also quite an effective 
method of keeping out peach-tree borers. Apply the paper closely 
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around the base of the tree from the roots to about a foot above the 
soil from June 15th to July 1st in New York, and it should remain 
intact until November. Do not use too large or strong a cord for 
tying on the paper as it is liable to interfere with the growth of 
the tree; never use wire for this purpose on young, growing trees. 


(d) By the Use of Wire-cages or Similar Mechanical Devices. 

In 1806, Peters recorded that frames filled with sand were not 
effective against the borers, but in 1808 (Matlack) and 1825 (Haines) 
sand in mounds or cylinders or boxes around the trees was reported - 
asuecess. In 1898, Smith boxed some trees “ with half-inch stuff 
three inches wide and covering the trunk to the branches ;” half of 
the boxes were closed at the top and the rest left open. Apparently 
the boxes were not filled with sand or anything else. He states that 
“the results on the boxed trees are only what we had a right to 
expect. So far from a shelter being an objection to the moth, it is 
rather an invitation, and a tile or box-protected tree, with an open- 
ing at the top, would rather tempt than repel. If the top be closed 
by a band tied tightly to the tree, the effect would probably be good, 
but this is by all odds the most expensive possible means of keeping 
out the borers and should be excluded fromi practical consideration 
altogether.” Stedman (1898) says that “thin wooden wrappers are 
satisfactory and, as they can be purchased for about three dollars per 
thousand from box and basket makers, they are economical. They 
should be pushed down into the ground so the adults cannot crawl 
under to deposit their eggs, and the tops should be stopped up with 
cotton wool in order to prevent them from entering there.” Some 
one has conceived the scheme to protect the trees by tiles. Smith 
expected to test these tile protectors in 1897, but they were so heavy 
and clumsy that his experimenter refused to use them, but he tested 
the principle on which they were supposed to act with the wooden 
boxes, as mentioned above. 

The evidence would hardly encourage a peach-grower to go to the 
expense of making any of the above applications, when there are 
others which are much cheaper and much more effectual. 

Wire cage.— In 1891, Lintner announced that a model for a “new 
tree-protector”’ had been shown him, “ which promises to give com- 
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plete protection for young trees from the attacks of the peach-tree 
borer. A cylinder of wire netting fifteen inches high, mounted on 
a galvanized metal base, gathered in at the top so as to adjust itself 
closely to the tree, opens at one side for passing it around the trunk, 
and is then secured and fastened to the ground, and slightly into it, 
by asliding pin. With this protection, the moth would be effectu- 
ally prevented from depositing an egg upon or near the base of the 
tree. The cylinders could be quickly applied, and with proper care 
in housing them, they would last for 
many years. It is thought that they 
ean be offered for sale at about twelve 
dollars the hundred.” Dr. Lintner 
wrote us in 1894 that he had no ree- | 
ord of the name of the person who [© 
showed him this wire device. Al | 
though it was at once pointed out by 
Snyder (1891) that this device was 
too expensive for extensive use, the 
idea seemed so good theoretically 
that most of those who have recently 
discussed this insect have given such 
a device a prominent place in their 
recommendations. But apparently 
no records of actual tests of the device 
appeared until 1898 (Smith). Smith 
wrapped pieces of ordinary wire mos- 


quito netting, 12 by 18 inches in size, 


around the trees, letting it run about 


55.— Wire-cage protector in posi- 
: i ( tion on a peach tree in the expert- 
Ing it about half an inch away from mental orchard. Theoretically 
the trunk by a band of newspaper at a perfect protector, but practi- 
cally a useless device. 


two inches below ground, and keep- 


the top which filled the space between 
the wire and the tree; he found it to cost about five cents each for 
sixty young trees. His results were far from conclusive but seemed 
encouraging. 

We thoroughly tested these wire cages in 1894 and 1895. The 
netting was cut into pieces 14 by 16 inches in size, and the first year 
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we unraveled or pulled out the cross threads on the upper end for a 
distance of about three inches, so that we could bring the strands 
together closely around the tree. The next year, we slit down the 
upper end for about three inches, making the slits about half an 
inch apart; we found this the quicker method, and it also served 
our purpose better. We dug out all the borers, placed the wire 
netting around the tree so that it extended from below ground 
where the roots were given off to about a foot above the surface. 
An inch or more of space was left between the cylinder and the 
tree, and at the top a slitted wire was carefully brought together 
arovr.d against the tree and tied. Great care was taken, especially 
the second year, to make and to keep this cage so tight at the top 
that by no possibility could one of the moths have gotten inside 
of it during the season. In figure 55 is shown one of our wire cages 
in position. Here we have a theoretically perfect protector from the 
attacks of this pest. We could apply such a cage at a cost of about 
five cents per tree, but each protector would doubtless last for two or 
three years, hence the final expense was really not greater than that 
of many other methods which must be renewed annually. We 
felt confident that this wire cage or protector would surely solve the 
question of perfect protection against the peach-tree borer. 

The following results show what little regard the borers had for 
our theory : 


1894-1895. 
| | | | | 
| Largest 
| Number | Number | Number number ae of 
When applied. of trees| When examined. of trees |of borers|of borers) ae ont 
treated. infested. found. | inone | aie 
tree. 1 
June 26, 1894 ..| {| April 29, 1895. . ( 9 9 | 
| 21 | | May 23, 1895... 12 (47%) 21 3 | None. 
1895-1896. 
| ( | June 5, 1896... ) 
June 17, 1895 .. 21+) June 11, 1896... +) 14 (672) 44 13 | None. 
| June 12, 1896... \ 
= ~ ~- — —_ — | 

Years. | Untreated or check trees. 

e jeue. eve tered ecg vhs: ae iste bs . 
1894-1895 ...... 128 | Same.dates..... .| 60 (474) | 128 8 
1895-1896 ...... 128 Lae Bowser te 68 (537) 176 8 

| 
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As the table shows, it was simply a case of misplaced confidence. 
More of the caged trees were infested by borers than there were of 
the untreated ones. And what is still more remarkable is the fact 
that the first year there were nearly as many borers in the caged 
trees as in those untreated, and the second year, when we took very 
great pains with the cages, nearly twice as many borers got into the 
caged trees as into the same number of untreated trees! The most 
borers we ever found (thirteen) in a single tree in our experimental 
orchard were found in one of these carefully caged or protected (?) 
trees! It is almost needless to say that we did not consider it neces- 
sary to test this tlieoretically perfect wire protector another year. 

The cages apparently attracted rather than repelled the insect. 
We are not quite sure how the borers got in, but probably the 
moths laid their eggs on the trunk above the cage, and when the 
borers hatched they could easily have crawled through the meshes 
of the wire; perhaps when once inside the cage, it then afforded 
the borers a sure protection from their enemies so that every borer 
which got inside survived to do its destructive work. 

We must conclude from our experiment that wire mosquito-net- 
ting protectors offer no protection against the attacks of the peach- 
tree borer, and the indications are that they are worsc than no treat- 
ment, and also offer an attraction or protection to the insects rather 
than repel them. 


(e) By the Use of Washes. 


At least 50 different kinds of so-called ‘ washes” have been sug- 
gested for preventing the attacks of the peach-tree borer. We have 
made careful and thorough tests of 18 different washes, and these 
include most of the representative mixtures. We will not attempt 
a classification of the washes but will discuss those we have treated, 
and will briefly mention under each of these the others which seem 
to us to have similar protective properties. 

In applying the different washes, we first dug out the borers 
removed all soil from around the base of the tree down to and usually 
including an inch or more of the main roots, brushed clean the por- 
tion of the tree to be treated, then put on the wash so thoroughly as 
to completely cover all irregularities in the bark from the roots to 
about 12 to 18 inches above the ground; after allowing the wash to 
dry somewhat the soil would be returned around the base of the tree. 
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In 1806, Peters reported no success with washes of sulphuric 
acid, turpentine, brine, wrinous applications and nitrous mixtures 
and they have been scarcely mentioned since. 

Asafetida and aloes wash.— This was used against the apple-tree 
borer by Wielandy in 1870 (American Entomologist, Il, 147), and 
it seemed to us to afford a good test of the effect of odors and _bit- 
terness on the peach-tree borer. -We used + pound of each of the 
substances in 2 quarts of water, heating it to dissolve them. The 
wash was visible on the trees for a month and a half but retained 
its odor for a much shorter time. The following table gives our 
results from the use of this wash: 


1894-1895. 
77 | 
| L t 
| Number Number | Number Se Mee of 
When applied. | of trees When examined. of trees | of borers} of borers reas Be 
treated. | infested. | found. in one fae 
tree. 3 
eee (4) ApEl80) 1895. a ieee . 
June 5, 1894... | 21 (| May 24, 1895... | 9 (48 Z) 21 4; None. 
1895-1896. 
June 12, 1895... {;j June 6, 1896...) g | 
July 16,1895...| 147! June 14’ 1896 |. | 814) # been altodtoaes 
Years. Untreated or check trees. 
1894-1895...... 128 | Same dates. . 60 (47 Z) 128 8 
1895--1896...... | 128 ie PAR aoa oe 68 (08 Z) 176 8 


The first year the application was too early and it had no effect on 
the numbers of the borers. The second year the wash was applied 
twice, and the results were considerably better, although a larger 
percentage of trees were infested. The results offer no encourage- 
ment to use such a wash. 

Zullow.— Finding that axle grease had been recommended for 
the apple-tree borer, it occurred to us that tallow, melted and applied 
as a wash, might prove effective against the peach-tree borer. As 
the tallow formed a complete and very greasy coating, and remained 
so for several months, we expected good results from it. The fol- 
lowing table shows the results we got: 
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1894-1895. 
% | 
(hele t 
Number | Number | Number | eae ited of 
When applied. | of trees | When examined. of trees ofborers of borers #PPUCS 
treated. | infested. | found. | foundin | “jpo6 
| one tree. i 
| | 
j | April 30, 1895.. | | ie iS 
June 4, 1894.... 21 1 | May 24, 1895 .. (| 8 (88 7) 17 4 | None. 
1895-1896. 
| | June 6, 1896... } 
June 25, 1895...) 21 +| June 11, 1896... 11 (52 4) 40 ain None. 
| | June 15, 1896...) 
— 
Years. Untreated or check trees. 
1894-1895...... 128 | Same dates....... 60 (47 @) | 128 8 
1895-1896...... 128 | Se ORR A ee 68 (538 Z) | 176 8 


The tallow did not materially lessen the number of infested trees, 
and the second year it was tested the treated trees contained more 
borers than those untreated. We cannot explain why such a greasy 
coating should not be more effective. 


Soap washes.— A strong soap suds or soap wash has been a stand- 
ard recommendation for borers of all kinds fora century. As soft soap 
was not easily obtained, we tested a solution of hard soap for two | 
years, using it at the rate of $ pound in 1 gallon of water the first 


ear, and twice as strong the next year. Our results are as follows: 
’ SD 


1894-1895. 
— — = ; == == 
. | | Lar t | 
Number Number Number iaaber aioe of 
When applied. | of trees | When examined. of trees | of borers! of borers, #PPUC™ = 
tested. | infested. found. in one ares 
| treee. F 
June 1, 1894... ( fe ) | 
July 19, 1894. vi 14 r | April, 1895. see ) 9 (64 %) 42 9 None. 
1895-1896. 
June 12, 1895... (| June 5, 1896 .. ) pri 
July 16, 1895...| 147] June 11, 1896... 5| 94” 21 | 7 | None. 
Years. Untreated or check trees. 
1894-1895...... 128 | Same dates....... 60 (47 7) 128 | 8 | 
1895-1896...... 128 eae et 68(537) | 176 | 8 | 
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The table shows that, although the soap was applied twice each 
year, many more (over twice as many the first year) borers attacked 
the treated than the same number of untreated trees, and a larger 
percentage of the treated trees were infested. We doubt if soft 
soap would have given better results. We tested whale oil soap (4 
pound in 1 gallon of water) for two years with the following results: 


1894-1895. 


| | Largest | 
Number | Number | Number , number Hifestrof 
When applied. oftrees | When examined. of trees | of borers) of borers) he. pad 
treated. infested. | found. in one ‘cae 
| | tree. : 
\- |— | 
June 13, 1894. . .| 9 | May 25, 1895..... | 2 (224) 6 3| None. 
1895-1896. 
June 26, 1895 . .| ( | = ) 
: ? ea | | GUGee 4G } ; 
uly 16, 1805... 9} June 17, 1896... | | 4(44 2) 9 | 4 None 
| 


Thus whale oil soap gave but little more encouraging results than 
hard soap. One application of soap will be washed off too soon in 
most eastern peach districts, and two applications are too expensive 
in labor. We must conclude that ordinary soap washes are 
valueless. 

“Glubo” a soap refuse, was recommended by Morgan in 1893. 
In 1888, Ashmead recommended that Paris green be added to the 
soap wash, and since then many have added this poison to other 
washes. Such poisoned washes had been recommended for apple- 
tree borers nearly 15 years before. It is very doubtful if Paris 

-green or similar poisons add anything to the value of washes, and 
such poisons may injure the trees, as pointed out by McCarthy in 
1891, and as will be seen in our results from the use of such washes. 
Our experience with carbolie acid in other washes leads us to believe 
that the carbolic acid soaps sometimes recommended have little value 
as a preventive of the attacks of the peach-tree borer. 

We doubt if the Shaker wash (Lintner, 1891) consisting of fish 
oul, soft soap, whale oil soap and pulverized sulphur would effectu- 
ally prevent many borers from getting into the trees. 

Whitewash.— Lime is one of the principal ingredients of a great 
many washes. We first tested it for one year as ordinary whitewash, 
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and although we made two applications, on May 31st and July 19th, 
no encouraging results were obtained. The whitewash scaled off 
quickly under the influence of rains and other ordinary climatic 
conditions. 

Whitewash and linseed oil.— This combination was suggested to 
us by a correspondent in 1895. To every gallon of thick whitewash 
we added one quart of linseed oil. The oil greatly increased the 
lasting qualities of the whitewash, and the mixture formed a good 
coating on the trees for two months. Linseed oil is reported as a 
dangerous ingredient in washes (Howard, Bull. 2, U. 8S. Div. of 
Ent., p. 84), but no injury resulted to our young trees from its use 
with whitewash. The following table gives our results from one 
year’s test of this wash: 


| 
| Largest 
; Number Number | Number | number | eee of 
When applied. of trees When examined. of trees (of borers\of borers. aon a 
treated. infested. | found. in one aerate 
| tree. é 
June 6, 1896... | 
June 24, 1895.. 14 June 15, 1896... }+| 7 (50%) 13 5 | None. 
June 17, 1896... | 


Years. Untreated or check trees. 


1895-1896...... 128 | eyrieratccetiee ; 68 (532) | 176 | 8 | 


The results afford no encouragement to the peach-grower. 

It is doubtful if the whitewash and glue wash recommended by 
Marlatt (1896), or the Bordeaux mixture inconclusively tested by 
Baker (1898) would afford any more protection from the peach-tree 
borer than did our similar whitewash and linseed oil wash. 

Hales and similar washes.— Since 1888 Mr. J. H. Hale, one of 
America’s most famous and most successful peach-growers, has 
strongly recommended a wash of potash or soap, lime, and carbolie 
acid, and sometimes Paris green; the real “meat” of the whole 
thing, he states “being the carbolie acid which makes such an 
offensive odor that the moth is driven to more congenial quarters to 
lay her eggs.” This wash has doubtless been more extensively used 
during the past ten years than any other application. Some sub- 

15 
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stituted clay for the lime, while Stedman (1898) advises adding 
common washing soda and a poison. 

We dissolved $ pound of hard soap in 1 pint of water and then 
added 4 pint of erude carbolic acid; to this enough freshly slacked 
lime was added to form a thick wash. We tested this wash 
thoroughly for two years with the following results. 


1894-1895. 
Largest | 
Number Number | Number | number [eee of 
When applied. | of trees When examined. of trees |of bor rsiof borers) aes Nee 
treated. infested. ; found. | in one gone 
tree. i 
June 1, 1894.. ) eA April, s895..eseed alee ae 
June 28, 1894.5| % 7] May 34, 1805... 5| 17 484+ 26 5 | None. 
1895-1896. 
~ June 5, 1896... 
ede weary |e! {] Sune 11, 1896 .. || 6 @og| 11 da) oven 
PNT poe ( June 17, 1896 .. | 
Years. Untreated or check trees. 
1894-1895 ...... 128 Same dates...... 60 (47%) 128 8 
1895-1896... ... 128 oF SPE hea 68 (537) 176 8 


Apparently Hale’s wash kept out from 4 to $ of the borers, but 
it required two applications each year. In New York the wash 
began to scale off in two weeks, and thus lost its mechanical protec- 
tive qualities; and we do not believe the offensive carbolie acid has 
any repellant effect on the moths, and certainly the soap or white- 
wash is not protective, as our experiments, detailed above, show. 

None of the washes we have used which contained lime as a prin- 
cipal ingredient, except the whitewash and linseed oil wash, remained 
intact on the bark as long as it is necessary to afford protection from 
the borers. The climatic conditions in New York soon cause the 
lime to seale off, and thus whatever mechanical protective quality 
(it has no other) it might have is rendered useless. 

It is a significant fact that all those who report good results from 
the use of Hale’s wash also practice “digging out” the borers, and 
then give all the credit to the wash. We do not believe that Hale’s 
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wash, and the other similar washes mentioned above, will afford 
nearly as much protection against the peach-tree borer, under north- 
ern climatic conditions, as will some other applications which it is 
necessary to make but once a year. 

Lime, salt and sulphur wash.— A two years’ test of this famous 
California insecticide gave us the following results : 


1894-1895. 
} | | 
Largest | 
Number Number | Number tREEOE | ater of 
When applied. | of trees When examined. | of trees | of borers| of borers ewan 
treated. infested. | found. in one | eee 
| tree. : 
| iC) Mayet, 1805: 2) ) ve. an | ee: 
June 5, 1894... .| 14 || May 24, 1895... J | 5 (86) | 24 10 Mone. 
. 1895-1896. 
June 25, 1895. } | : | x amy | wz 
July 16, 1895. § 7 | June 11, 1896....| 5 (712) 9 | 4 | None. 
| | } 
Years. Untreated.or check trees. 
1894-1895...... 128 | Same dates .. 60 (474 128 8 
1895-1896...... 128 oF eee y tye aye 68 (53% 176 8 


Even two applications of this wash had no effect u pon the num- 
bers of the borers, hence it is valueless. 

Resin wash.— This is another insecticide which has been exten- 
sively used on the Pacific coast, and good results have been reported 
from Oregon when it was used as a wash for the native peach-tree 
borer. We used this resin wash, made according to the California 
formula, for two years. Although we used it of double strength 
and made two applications the second year, the results obtained, 
as given in the foliowing table, show that such a wash has little to 
recommend it to peach-growers who are fighting the borers : 


1894-1895. 
Largest 
Number Number | Number | number pee: of 
When appplied. | of trees When examined. of trees | of borers! of borers pales =a 
treated. infested. found. | inone fee 


tree. 


June 13 1894... 10 | May 24, 1895..... 3 (807) 5 3 None. 
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1895-1896. 
Largest 
Number Number | Number } number uieut of 
When applied. of trees When examined. of trees |of borersjof borers Sie pe 
, treated. infested. found. in one re o 
tree. IEE 
~ 4 
Hee eS He 7 | June 15, 1896....| 4 (572) | 6 2| None. 
| | 
Years. Untreated or check trees. 
1894-1895...... 128 | Same dates...... 60 (472) 128 8 
1895-1896...... 128 ae 68 (537) 176 8 ! 


A wash made of resin, linseed oil and beeswax has been recom- 
mended. It would be rather expensive to use on a large scale, and 
it is very doubtful if it would be more effectual than the resin wash 
just discussed. 

Paris green and glue wash.— This wash was apparently first sug- 
gested by Neal in 1889 (Bull. 4, Fla. Expt. Station), and a few years 
ago was strongly recommended in prominent entomological and hor- 
ticultural books. We dissolved one pound of common glue in one- 
half gallon water, then added one ounce of Paris green, and diluted 
the whole to two gallons with water (Neal’s formula). We used it 
at the above strength and later only half as strong. Within a week 
after this wash was applied the leaves on nearly every tree began to 
drop off and in three weeks most of the trees were dead. The wash 
had killed the bark where it was applied, and had thus practically 
girdled the tree at the base. Others have reported similar results 
from its use, so that it should never be used, at least on young trees. 

Probably the addition of whitewash, as suggested by Smith (Insect 
Life, IV, 43), would render the wash less injurious to the trees, but 
we dc not believe it would make an effective wash of it. 

White or green paint.— Ordinary white paint, made of linseed 
oil and white lead, vas strongly recommended about five years ago 
by the Virginia and Nebraska Experiment Stations as an effective 
application for borers. We used white paint for two years with the 


following results : 
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1895-1896. 


Largest | erect of 
Number ; Number | Number | number | 7. Rane 
When applied. | of trees When examined. of trees jof borers|of borers| Age <e 
treated. infested. | found. | inone | ered 
tree. : 
June 19, 1895 .. 14 | June 16, 1896....| 2 (44%) 3 2 None. 
1896-1897. 
July 14, 1896... 20 | June 22-28, 1897..| 11 (55%) 12 3 | Slight 
| | | injury. 
Years. | Untreated or check trees. 
| | 
1895-1896 ...... 198 | Same datess’' 2% | 68 63¢)| 176| 8| 
1896-1897 .. 128 | Saws ceeeattt: | 75 (58%) | 187 | 6 | 


The first year the paint was very effectual, keeping out nearly 
& of the borers, and doing little or no injury to the trees. The 
second year it did not keep out $ of the borers, a large percentage 
of the treated trees were infested, and the trees were noticeably 
injured; possibly the application was made a little late in 1896. 
Our conclusion is that white paint makes a lasting wash and it will 
doubtless keep out } or more of the borers, but it may injure young 
trees ; a young orchard is said to have been completely ruined in 
Alabama by its use (Baker, 1898). It would probably not injure old 
trees, but we doubt if it would usually be applied thoroughly enough 
on such trees to penetrate all the cracks and crevices which it must do 
to be a preventive. We doubt its effectiveness when applied on old 
trees, and would not recommend it for general use on young trees. 

We made a light green paint by stirring $ pound of Paris green 
into 1 gallon of white paint, made as described above. We thus 
had a poisoned wash. Our results from a two years’ experier.ce 
with this green paint is shown in the following table: 


1895-1896. 
Largest 

Number Number | Number | number eee of 

When applied. of trees When examined. of trees |of borers\of borers nee AS 

treated. infested. | found. | in one re pa 

tree. Be 
| ‘ n 

June 19, 1895..| 14. | June 11, 1896. .... 5860 7 2 eee 
| | . 
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1896-1897. 
Largest | p 

Number Number | Number | number pe 
When applied. | of trees When examined. of trees |of borers|of borers fee an 

treated. infested. found. in one anee 

tree. 3 

: = (| June 22, 238, 28, ) > Much 

98 - ’ 2 \- oie 2 | oie 

Wy te, aloe. oe | Thee Gc Guouibioc j (2) - injury. 


Apparently the paint was a very effectual preventive, but the fact 
that many of the trees were seriously injured and some of them 
died from its use renders the results as to the number of infested 
trees and the number of borers found of no value. This experi- 
ment, in connection with our Paris green and glue combinations, 
is strong evidence that Paris green is a dangerous ingredient in 
washes, and we do not believe it increases their effectiveness. 

Hydraulic cement wash.—In 1824, Shotwell recorded that he 
found a lime mortar or bricklayer’s mortar to work perfectly as a 
wash to keep out peach-tree borers. In 1891 Woodward recom- 
mended a wash made of dirty soap, sweet skim milk and hydraulic 
cement (common water-lime) as “a sure and safe remedy for borers.” 
Two years later McCarthy recommended a wash of sour or butter- 
milk and hydraulic cement, stating that “the weak-jawed grub is 
unable to break it, and hence soon dies of exhaustion,” but further 
stipulating that it must be applied every two or three weeks, as the 
In 1898 Smith recorded 
He 
demonstrated that the milk made such a wash last much longer 
than if water were used, and that as a mechanical coating it left 


growth of the tree causes it to crack. 
some experiments with a wash of skim milk and the cement. 


nothing to be desired. One application would last and remain in 
good condition as long as necessary, but it would not “ prevent the 
exit of borers that were already working in the tree, but would 
Smith’s 


results from the use of this cement wash, so far as keeping out the 


keep out any young larvee that attempted to get in.” 


borers is concerned, were inconclusive. 

We made a wash of sweet skim milk (from a separator) and Port- 
land cement, using about 6 pounds of cement in 3 or 4 quarts of 
water; this was sufficient to treat 48 young trees from 1 to 4 
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inches in diameter. It is a very cheap wash, is easily applied, does 
not injure the trees, and lasts as long as desirable. Thus, theoreti- 
eally, it is an ideal mechanical preventive coating or wash. 

We gave this wash a thorough test in 1898-1899, with the follow- 
ing results: 


| | 
Largest | 
Number Number | Number | number itech of 
When applied. | of trees When examined. of trees of borers|of borers| ln Bee 
treated. infested. found in one ite 
tree. ce: 
| May 26, 1899... ) a 
July 7, 1898.... 47 ) | June 30, 1899... 5 26 (55%). 36 4 | None. 
Years. Untreated or check trees. 
1898-1899 ...... 56 | Same dates....... | 25 (447). 41 | 3 | 
: 


This table shatters another theoretical ideal, for there were more 
infested trees among the treated than among the untreated ones, 
and just as many borers got into the treated trees. We had 
expected much more encouraging results from the use of this cement 
wash, but it evidently has not the qualities which will make it of 
any value to the peach grower. 

Printer’s ink.— This seemed to us to have qualities which might 
make it a good wash for the peach-tree borer, hence we tested it 
with the following results : 


| Largest | Efect of 
Number Number | Number | number | 1) liga. 
When applied. of trees When examined. of trees (of borersjof borers es on 
treated. infested. found. in one ree 
tree. : 
| 
{| May 26, 1899...) e (| Slight 
JLo SOShae 27 ) | June 30, 1899... f 8 (802). 9 2 ) | injury. 
Years. Untreated or check trees. 
1898-1899... 56 | Same dates....... 25 (442). 41 | 3 | 


Although the ink kept out about one-half of the borers, it caused 
gummy exudations where it was applied, indicating injnry to the 
bark, hence it is not to be recommended. 
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Raupenleim.— This “Caterpillar glue” is a German product, 
resembling somewhat axle grease mixed with tar. It has been 
extensively used in Europe, and in fighting the Gypsy Moth in 
Massachusetts. It is sticky and has a distinct tarry odor, and is 
applied to the bark of trees to prevent the ascent of caterpillars and 
other insects. When applied in a thick band, it retains its sticky 
properties for a considerable period. Apparently it had the neces- 
sary qualities to make it a good preventive wash to keep out peach- 
tree borers, hence we tried it for two years with the following 
results : 


1895-1896. 
Number | Number | Number | 4 
u - | = eee Effect of applica- 
Wh lied. of trees WI 5 d. f t f b A 
CS SICA ae ein at ie aaa a La 
Pars {| Killed 7 recent- 
9 i 
June 18, 1895.. Pile | ane da: Le OGe aes 0 0 , ly-set trees. 
1896-1897. 
a : 9 § | June 22, 23, 25, ) {| Killed every 
July 10, 1896...! 425 98 1897...... 0 05 Ratt 


It is to be noted that the first year the raupenleim apparently 
injured only seven trees which had been set only two or three 
months and had not yet become thoroughly established. As a pre- 
ventive against the peach-tree borer it was a perfect success on the 
14 uninjured trees. Our hopes rose high, and we treated twice as 
many trees the second year, but we were doomed to bitter disap- 
pointment for, as the table shows, not a tree survived the treatment. 
In figure 56 is shown the effects of raupenleim and dendrolene. 
Perhaps old trees will stand the raupenleim better, but we believe 
it is not a safe, although apparently a sure, preventive wash. 

We applied the raupenleim on the bark from the roots to about 
six or eight inches above the surface of the soil; 4 pound sufficed 
to treat 21 trees (14 to 2 inches in diameter), making a band of the 
substance from 4 to 4 of an inch thick. 

Dendrolene.—This is a crude petroleum product and an American 
imitation of the German raupenleim. The substance was first made 
for Professor Smith in New Jersey in 1895, and some preliminary 
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experiments which he made with it that year, led him to strongly 
recommend it as a general application for borers and other insects. 
Soon a dendrolene was placed upon the market and it has been 
tested in several States, but practically all reports show that it 
either seriously injured or killed all fruit trees on which it was 
applied. We treated 50 trees in the same manner as with the 
raupenleim, and the following table shows that our results agree 
with most other records: 


1896-1897. 
Number Number | Number ‘ 
Cube P 3 ‘are! Effect of applica- 
When applied. | of trees When examined. of trees |of borers F 
treated. infested. | found. tion on trees. 
July 10, 1896... 50 | June 22-380, 1897... 0 0 |Killed every tree 


We must conclude that neither raupenleim nor its imitation, 
dendrolene (the kind now on the market) is a safe application for 
young peach trees. In figure 56 is shown the effect of the applica- 
tion of these substances on our trees. 

Pine tar.— We used some “ pure North Carolina pine tar” as a 
wash with the following results: 


| | 
| Largest | , 
Number Number | Number | number pees 
When applied. | of trees When examined. of trees jof borers of borers | nee oa 
_ treated. infested. | found. | in one | eeee 
| | | tree. | ; 
sy 7 Ae Maly 2621800) 3-0 eee 
July 7, 1898....| 34 1 | June 30, 1899... f 13 (88%) 19 3 | None. 
Years. Untreated or check trees. 
1898-1899... ... 56 | Same dates . = 25 (447%) 41 | 3 | 


Apparently the pine tar kept out a few borers, but not enough to 
warrant is being recommended as a preventive of the peach-tree 
borer. 
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Gas tar.— Tar was among the first washes to be used against the 
peach-tree borer, and several (Merriam and Meehan, 1859; “J. R. 
G.” in Count. Gent., XXX, 14; and “R.H.S.” in Rural New 
Yorker for 1898, p. 622) have recorded that it was a first-class 
preventive wash, and it did not injure their trees. Some, however, 
have found that the tar injured or killed young trees. 

We used it as a wash for three years, heating it slightly so that it 
could be more easily painted on, and applying it to the same trees 

euch year, with these results : 


1894-1895. 


Largest 4 
Number | Number Number) number penta: 
When applied. | of trees When examined. | of trees of borers of borers an pa 
| treated. | infested. found. | in one | “hvac 
| tree. ces 
| ta ee | | : 
| (| April, 1895..... } | 
May 31, 1894...)  21+| May 1, 1895....()| 2 (10%) 3 2| None. 
| (| May 24, 1895... J | 


1895-1896. 


( June 6, 1896... 
June 18, 1895 . | 21 / June 11, 1896... \ 
June 15, 1896... ) | 


D (247) 


6 | 2 None. 


1896-1897. 
June 22, 1897... ) | 
July 14, 1896... 21.4 |. June 23; 1897... + 0 0 | 0 None. 
- June 28, 1897... J 
Years. Untreated or cheek trees. 
| F | | 
1894-1895 ......| 128 | Same dates. ..... 60 (474) | 128 8 
1895-1896......| 128 eS oe 68 (532) | 176 8 
1896-1897 ..... L ales FS ae UN ae | 75 (58%) | 187 | 6 


The tar apparently kept out from four-fifths to all of the borers, 
only a small percentage of the trees became infested, and no injury 
resulted to the trees. These are the best results we obtained from 
the application of any wash which did not injure the trees. Our 
trees had been growing for a year, and hence were well established 
when the tar was applied; we suspect some of those who injured 
their trees applied the tar to unthrifty or recently-set trees. In our 
experience the tar did not interfere with the growth of the trees in 
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the least. Tar is about as cheap as any wash, but it is disagreeab'e 
stuff to manipulate. The results of our experiments would lead us 
to believe that gas tar is the most effective application yet devised 
for preventing the attacks of the peach-tree borer, and as our trees 
suffered no injury from its use for three years on the same trees, we 
think it may often be used with safety. Let the young trees get 
thoroughly established and get to growing thriftily, and keep them 
in this condition, and try the gas tar wash sparingly at first on a few 
trees. 

Some miscellaneous washes.— In 1824, a wash of cow-dung leached 
ashes, and plaster of Paris was recommended, but we doubt if this 
would remain on the tree long enough and prove more effectual 
than Hale’s or similar washes. The same must be said of cow-dung 
and clay which was recommended in 1827. In 1892, Brown recom 
mended a wash made of lime, gas tar and soap ; we have shown that 
soap and lime are not preventives, and we believe they would neu- 
tralize the preventive qualities of the tar in this combination. A 
wash of soft soap, corrosive sublimate and wood alcohol was recom- 
mended in 1893; it would be an expensive wash and of very doubt- 
ful efficiency. 

We are well aware that many other combinations have been 
recommended as washes for the peach-tree borer, but we think that 
they will be found to differ very little from some of those we have 
tested or discussed. 


Some General Conclusions Regarding Methods of Fighting 
the Peach-Tree Borer. 


Although American peach-growers have been fighting the peach- 
tree borer for a hundred and fifty years, the results from to-day’s 
methods of warfare are not strikingly different from those recorded 
by Peters in 1806. Most of the applications now recommended 
were devised nearly a century ago. 

Cultural methods.— Different cultural methods (p. 200) such as 
budding on various stocks, irrigation, and cultivation seem to have 
little or no effect upon the number of the borers. But to make a 
success of peach-growing it is usually necessary to thoroughly culti- 
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vate and feed the trees, and we believe the borers can be controlled 
more successfully and much easier in such an orchard. 

Our experiments.— During the past five years we have conducted 
the most extensive and scientific series of experiments ever attempted. 
An experimental orchard of 400 peach trees was set for the sole 
purpose of testing the so-called “remedies.” The details of the 
plan and extent of these experiments are discussed on p. 201. We 
thoroughly tested about 25 representative methods for combating 
the peach-tree borer. 

Vulnerable stage of the insect.— The insect is open to successful 
attack only in its larva or borer stage and in its pupa stage; the 
pupee are reached only by searching for the cocoons and destroying 
them. 

Destructive MEaAsuREs. 


Of the destructive or killing methods recommended, the “freezing” 
method (p. 206) and the use of carbon bisulphide (p. 207) are unsuc- 
cessful and unsafe. oiling water and similar methods (p. 206) 
have been successfully employed, but they are impracticable on a 
large scale and may injure or kill the trees. 

The “ digging-out” method.— The “ digging-out ” method (p. 208) 
is the only thoroughly successful and safe way of killing the peach- 
tree borer. This method is expensive in time and labor, but our 
experience leads us to believe that any other equally as successful 
method will cost just as much. To make it a success, the “ digging 
out” should be thoroughly done, not only on every tree in the 
orchard, but also on all “old relics” of peach trees in the immediate 
neighborhood. A half-dozen such “old relies ” left untreated near 
by served to thoroughly re-stock our orchard with borers every 
year, so that our “digging-out” method, although practiced 
thoroughly each year, never reduced the numbers of the borers 
below the danger limit (p. 204). This is a very important factor in 
the success of the “ digging-out”’ method. Under certain millennial 
conditions, mentioned on p. 209, we believe the numbers of borers 
could be reduced to the minimum in an orchard by this method 
alone. Practically every peach-grower, who makes any pretensions 
of fighting the borers, digs them out at least once a year. Many 
then apply some wash or other device, but curiously enough, they 
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usually attribute any success they may seem to have, not to the 
‘* digging-out ” process, where most of the credit usually belongs, 
but to the other preventive applications. As our experiments show, 
however, the application of certain preventive measures after the 
borers have been dug out, is not a waste of energy where several 
“old relics” are left untreated near by, or if a neighbor’s peach 
orchard a few rods away is neglected. As these conditions usually 
prevail in the neighborhood of most peach orchards, we doubt if the 
“ digging-out ” or any other method used alone, with a few possible 
exceptions, can be depended upon to reduce the number of borers to 
the minimum. But we believe there are several combinations of 
this destructive method with a preventive application which will 
give better results than either one alone in most orchards, and will 
keep the pest under control. The best time to dig out the borers is 
discussed in detail on p. 208. 


PREVENTIVE MEASURES. 


Plants.— There is little evidence to show that the odor of any 
plant, like red cedar or tansy, will have any influence on the numbers 
of the borers when such a plant is set with the tree (p. 212); such 
plants would not be desirable adjuncts to peach-growing for other 
reasons. 

Tobacco.— It has been recommended to pile or scatter various 
substances around the base of the tree to keep out the borers (p. 212) 
but only two of these deserve serious consideration. 

Nearly a century ago good results were reported from the use of 
tobacco wound around the base of peach trees. We tested tobacco 
stems (midribs of the leaves) from a cigar factory, and the results, 
given on page 213, astonished us. Evidently the tobacco kept out 
from two-thirds to five-sixths of the borers. We are not sure how 
the stems acted on the insect, but our results indicate that, where 
tobacco stems are cheaply obtainable, they will prove a good preven- 
tive from the attacks of the peach-tree borer. 

Mounding.— By this old and miuch-discussed method we appar- 
ently keep out from one-half to seven-tenths of the borers (p. 213). 
We do not understand just how the mounds of soil keep ont the 
borers, and we doubt if it would give as good results if not practiced 
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in connection with the “digging-out” method. The mounding 
method evidently has considerable value as a preventive and is 
perhaps the cheapest method yet devised. It is perhaps the only 
method that is practicable in nurseries. 

Paper protectors.— In the early days, cloth and similar protectors 
were used, but all were soon superseded by the less expensive and 
equally as effective paper bandages (p. 215). We kept out from 
one-half to seven-eighths of the borers with the tarred paper protec- 
tor shown in figure 54. And doubtless where rains and winds are 
not too prevalent to interfere with an ordinary newspaper protector, 
it would give equally as good results as the tarred paper; some 
report injury to the trees by the use of tarred paper, but our trees 
suffered no injury from its use. Paper protectors, when carefully 
put on and kept intact during the danger period, will prove a valu- 
able and very cheap preventive measure, especially when combined 
with the “ digging-out ” method. 

Wire cages.—W ooden boxes or tiles placed around the trees are 
too expensive and the evidence (p. 218) shows that they afford little 
protection. The device shown in figure 55, however, is strongly 
recommended by most recent writers, and, theoretically, it is an ideal 
protection from the ravages of this pest. We confidently believed 
that we had solved the problem of how to keep out the borer when 
we placed these wire mosquito-netting cages around some of our 
trees. But it was a case of misplaced confidence, for our theory was 
completely demolished when we examined the caged trees the next 
year. The cages apparently proved an attraction to the insect, for 
nearly twice as many borers got into the caged trees as into those 
untreated. Read the detailed account of this demolition of our pet 
theory or preventive device on p. 220. 

Washes. 
peach-tree borer has been, for at least a century, by the use of a 


The favorite method of preventing the ravages of the 


wash of some kind. More than 50 different washes have been con- 
cocted, most of which are valueless as preventives, and some of 
which will injure or kill the trees. We tested 18 washes. 
An asafetida and aloes wash (p. 222) was not offensive enough. 
Tallow (p. 222) should have given good results theoretically, but 
it proved wholly useless; this was a great surprise to us. 
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Ordinary soap and whale oil soap (p. 223), even two applications, 
offered little or no protection. The addition of Paris green to a 
soap wash will not increase its effectiveness, and it may injure the 
trees. Curbolic acid soaps or the Shaker wash (p. 224) would aftord 
no more protection than ordinary soaps, we think. 

Whitewash or whitewash and linseed oil washes (p. 225) were 
wholly ineffectual in our experiments. We doubt if whitewash 
and glue, or Bordeaux mixture have better preventive qualities. 

By making two applications the same season of Hale's celebrated 
wash (p, 225) we sueceeded in keeping out from one-third to one- 
half of the borers. This wash will not remain intact long enough 
in New York State, hence it is of little value unless applied twice, 
which makes it too expensive a process. We cannot see how Sted- 
mans (p. 226) or other variations of Hale’s wash could afford any 
greater protection from the borers. 

Two applications the same season of a lime, salé and sulphur 
wash (p. 227) and a resin wash (p. 227) gave little encouraging 
results to peach-growers. 

A Paris green and glue wash (p. 228) killed our trees in a few 
weeks. 

White paint (p. 228) proves to be quite an effective wash, keep- 
ing out from one-half to five-sixths of the borers, but it may injure 
young trees, and we doubt its proving as effectual on old trees. 

White paint and Paris green or green paint (p. 229) is quite an 
effectual wash but it seriously injured our young trees, and is there- 
fore not to be generally recommended. 

The Hydraulic cement wash (p. 230) which has recently attracted 
considerable attention, makes an ideal coating over the bark, but we 
did not succeed in keeping out any borers with it, thus shattering 
another theoretical ideal. 

Printer’s ink (p. 231), although it apparently kept out nearly 
one-half of the borers, injured our trees, and thus cannot be 
recommended. 

Raupenteim (p. 232) dendrolene (p. 232), kept out all of the bor- 
ers, but killed all the trees. See figure 56, 

Pine tar (p. 234) kept but a few borers out of our trees. 

Gas tar (p. 235) proved to be the best application we tested. We 
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used it freely on the same trees for three successive years without 
the slightest injury to the trees and it kept out nearly all the borers. 
We had been led to believe that tar was very injurious to young 
trees, and confidently expected to see our trees die each year after 
being treated with it. But the trees kept just as healthy and grew 
as thriftily as any others in the orchard. Let the trees become thor- 
oughly established and get a year’s growth, and it is our experience 
that tar can be used with safety on them. Go slow with it, by first 
testing it on a few trees in your orchard. We believe it will prove 
equally effective whether the borers are dug out or not, and from 
no other application yet devised would we expect to get such results 
when used independent of the “ digging-out” method. 

A few miscellaneous washes of very doubtful value are discussed 
on p. 236. 

Some general conclusions regarding washes.— Lime and some 
kind of soap are often the principal ingredients of washes. Our 
experience leads us to believe that neither of these substances exer- 
cise any preventive effect on the peach-tree borer. Furthermore, 
climatic conditions in New York and doubtless in most northern 
peach districts, will cause any wash containing much lime to scale 
off and thus render it ineffective, before the moths have stopped 
laying eggs. Thus soap and lime or clay are useless ingredients 
and lime may seriously interfere with the effectiveness of a wash in 
moist climates. 

We do not believe a poison like Paris green adds anything to the 
effectiveness of a wash, and it may prove a dangerous ingredient, as 
with glue or white paint. The theory upon which the poison is sup- 
posed to work is a wrong one. The newly-hatched borer does not 
deliberately eat its way through the wash and thus get some of the 
poison, according to the theory, but it seeks a minute crack or crevice 
and works its way in below the surface bark, on which the wash is 
applied, before it begins to eat. We believe this last fact, regarding 
the entrance of the newly-hatched borer into the tree, will explain 
much of the ineffectiveness of washes. It is very difficult to so 
thoroughly cover the bark of even a young peach tree that many 
minute cracks will not be left or soon be made through the wash by 
climatic conditions or by the growth of the tree, 

16 
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Crude carbolic acid is another favorite ingredient in washes. 
Hale says it is the “meat” of his wash, on the theory that its odor 
is offensive to the moths. In our experience in combating the peach- 
tree borer or any other insect, we have seen little or no evidence that 
substances having offensive odors had any repellant effect in keeping 
the insect away from the food-plant of its progeny. Asafeteda did 
not in our experiments, and we do not believe that any of the effect- 
iveness of tarred paper protectors was due to their odor, for others 
get just as good results from newspapers; they form a mechanical 
and not an odorous barrier to the insect. Hence, we do not believe 
that carbolic acid is a useful ingredient of washes. 

Most, perhaps all, of the washes act simply as a preventive, 
mechanical coating over the bark to keep the newly-hatched borers 
out. Such substances as raupenlerm, dendrolene, and gas tar seem 
to be ideal washes, but the two first usually kill young trees, and the 
last also has a similar reputation in some localities, although we saw 
no evidence to indicate that tar was injurious to well-established 
young peach trees. Perhaps some one can so modify these ideal 
washes as to retain their effectiveness as a preventive and yet elimi- 
nate their plant-injuring qualities. Future compounders of washes 
should work along this line. 

We think that most of the above generalizations regarding washes 
may also apply to washes designed to prevent the work of the apple- 
tree borer. 

When to apply washes or other preventive measures.— In New 
York the applications should be made between June 15th and July 
Ist, and they should remain in perfect working order until October 
Ist. In Canada, July 15th will usually be soon enough to make 
applications, and they should last until November. In the South, 
the applications should be made in April and they will apparently 
have to last for three or four months. Read the detailed discus- 
sions of the different methods for instructions how they are to be 
applied. 

Final conclusions—In our four years of warfare against the 
peach-tree borer we have been thoroughly convinced that it is a 
very difficult inseec enemy to control. No method of fighting it 
has yet been devised by which the peach-grower can hope to get a 
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single year’s respite; the trees must be treated anew each year and 
thus the warfare is a perpetual one. 

The following substances injured or killed our trees and are there- 
fore classed as dangerous : 


Paris green and qlue, 

Raupenteim, 

Dendrolene, 

White paint, 

White paint and Paris green, 

Printer’s ink. 

The following is a list of the things we found to be practically 
ineffectual or useless : 

Wire cages, 

Carbon bisulphide, 

Asafetida and aloes, 

Lime, salt and sulphur, 

Resin wash, 

Hard soap, 

Tallow, 

Tansy, 

Whale-oil soap, 

Whitewash, 

Lime and linseed oil, 

Hydraulic cement wash, 

Pine tar, 

Hales wash (1 application). 

The following methods proved to be quite effective, that is, most 
of them kept out over $ of the borers : 

Hales wash (2 applications) kept out 4 to $. 

Mounding kept out $ to 75. 

Tarred paper kept out $ to §. 

Tobacco stems kept out 4 

We would expect equally as good results from the “ degging-out” 
method applied under the conditions stated on pages 208 and 237. 

Gas tar (p. 235) gave us the best results of anything we tried. 

We doubt if the applications listed as gute effective would prove 
as effective if used alone, hence we would recommend that they be 
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combined with the “ digging-out” method for the reasons mentioned 
on pages 208 and 237. Make whichever combination best suits your 
conditions. 

If you find, after a preliminary test on a few trees, that you can 
use gas tar without injuring your trees, we believe it will prove to be 
the most effective and cheapest method of fighting the peach-tree 
borer; but use it carefully and intelligently, as trees have been 
injured by its use. 

We began this investigation confident that some sure preventive 
of the entrance of the borers into the trees would be found. There 
was nothing lacking on our part to have the substances we tested do 
all that they were recommended or expected to do. We did not 
accomplish our ideal, but we have demonstrated that nine-tenths of 
the methods recommended are useless. Our experiments furnish 
much definite data for future workers, and form a definite basis on 
which to make suggestions regarding methods of fighting the apple- 
tree borer and other borers. Our experiments must lead to a much 
more rational and intelligent warfare against the peach-tree borer. 
Peach-growers will now know what not to do, which is often equally 
as valuable and important as to know what to do. Finally, our 
experiments have enabled us to point out with confidence certain 
methods by which the peach-grower may hope to control his worst 
insect enemy — the peach-tree borer. 
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Kalm, P. Travels in North America, Trans. by Forster, II., 244. Appar- 
ently the first reference to the insect. See note below frontispiece. 

Cooper, J. Submitted a paper to Am. Phil. Soc. ‘‘On the Nature of the 
Worms so Prejudical to the Peach-trees for Some Years Past, and a 
Method of Preventing the Damage in Future.” The Society ordered 
the paper to be printed in the Pennsy(vania Gazette and Journal. This 
paper has not been accessible to us. 

Ellis, J. Papers on Agr., Mass. Agr. Soc., p. 25, 26; same account in 
Mass. Agr. Soc. Papers for 1803, and in Trans. Am. Phil Soc., V., 
325. Brief and fairly correct account submitted as Prize Essay ($30 
prize) some time before 1800 to Am. Phil. Society. Recommends bind- 
ing on straw when trees are in bloom, removing it in the fall. 

Barton, B. 8. Philosophical Mag., X-XII., 208 (pub. in 1805). Foot note 
as follows: ‘‘The insects most pernicious to this tree are two lepidop- 
terious insects, of the genus zygena of Fabricius. These while in the 
larva state destroy the bark of the root.” Partly quoted by Kirby and 
Spence in their Introduction to Entomology, I., 198 (1815). 

Mease, J. Domestic Encyclopedia, 1V., 248-44. Brief account. Recom- 
mends mounding, soap-suds, and quotes Ellis. 

Barton B. 8. Essay on ‘‘ A Number of the Pernicious Insects of the United 
States,” submitted to the Am. Phil. Soc. It was partly read on Nov. 16, 
1804, and received the Magellanic Premium on Dec. 21, 1804. The 
essay was returned for alterations in 1805, and we are unable to find 
that it was ever published. It is recorded (Harris in 1826) that the 
insect was described and given its first scientific name of Zygena persice 
in this apparently unpublished essay. 

Barton, B. 8. Phil. Med. and Physical Journal, L., pt. IL, p. 29. Brief 
notice as being destructive to roots of peach. No description of moth. 

Cooper, J. Mem. Phila. Soc. Prom. Agr., I., 11-14. (Paper read Jan. 
14, 1806.) Brief but very good account of the life-history and methods 
of controlling the insect. The ‘‘freezing-out’’ process unsuccessful. 
A combination of the ‘‘digging-out” and ‘‘mounding” methods was 
very successful. 

Peters, R. Mem. Phila. Soc. Prom. Agr., I., 15-19. (Paper read Feb. 11, 
1806.) Records failure to prevent the work of the borers by the use of 
25 or more different ‘‘ washes” and other methods. Recommends expos- 
ing roots in winter and using boiling hot soap suds or water in August 
or September. 

Matlack, T. Mem. Phila. Soc. Prom. Agr., I., 873-79. Supposed there 
were two broods of the borers. Detailed account of successful use of 
sand (not loam) in earthen cylinder or in a pile around base of tree. 
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1813. Cocke, J. H. Mease’s Archives of Useful Knowledge, III., 40-42. Same 
account in American Furmer (1820) I., 850. Good brief account of life- 
history. Failed with straw, but was very successful with tobacco 
leaves. 

1820. ‘‘W. T.” (Wash., D. C.). The Plough Boy, 1., 381. Brief account of life- 
history. Counted 678 eggs in one female. 

1822. Thacher, J. American Orchardist, 198. Brief account quoted from Mease 
(1803). 

1823. Say, T. Jour. Acad. Nat. Sci., IIL, -216. Original description of moth 
as evitiosa. Pupa and cocoon described. 

Worth, J. Jour. Acad, Nat. Sci., III., 217-221. Very good account of 
the life-history of the insect; egg first described. A sensible discussion 
of methods then recommended. Recommends a bandage of tow fol- 
lowed by a soft soap or lime-wash. Sameaccountin American Farmer, 
IV., 395; and also in Mem. Bd. of Agr. of New York, III. (1826), p. 421. 

“Agricola” (N. Car.). American Furmer, V., 118. Brief account of 
life-history, thought moths perforated bark to lay eggs. Quotes Til- 
ton’s experience with hot water, and also the recommendations of 
Peters, Coxe and Cocke.. 

Harris, T. W. Letters to Say and replies published in Psyche, VI., 58, 60, 
122, 128-24 (1891). Brief notice; proposed to call it persice ; bred from 
cherry also. 

1824. Shotwell, W. American Farmer, VI., 14. Records the successful use of 
a lime mortar wash. 

Thomas E. American Farmer, VI., 87. Erroneous account of the life- 
history; thought there were two broods. Briefly described the female 
only as an Hymenopteron, Apzs persica. Borers numerous on nursery 
stock. Same account in New England Farmer, I1., p. 12. 

Smith, J. Americun Farmer, V1., 324-25. Very good summary of 
methods then recommended. Moths bred and submitted to Mitchell 
and Say. Quotes Worth (1823) entire. 

1825. Say, T. American Entomology, IL, pl. 19. Revision of original descrip- 
tion of moths. Worth, Shotwell and Thomas freely quoted regarding 
habits and methods of preventing. Fairly good colored figures of the 
male and female moth, the cocoon and the pupa skin; these are the first 
pictures of the insect ever published. 

In the LeConte edition of Say’s writings, published in 1859, and i in the 
Foote edition of 1891, this article is reprinted on pages 36-42, pl. 19, 
vol. I. 

Haines, R. American Farmr, V1., 401. Records success with sand in 
mounds and in boxes or cases around trees. 

1826. Harris, T. W. New England Farmer, V1., 338. Perhaps the best of the 
earlier accounts. Many references and quotations from earlier writers. 
Insect described as persicw ; and the statement made that this name of 
Barton has priority over Say’s evitiosa. Recommendations of Worth, 
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Shotwell and Thomas summarized. Finds there is but one brood of 
the insect in a year. Thought he found the larve in black knot on 
plum trees. 

Stabler, T. P. American Farmer, 1X., 29 Experiments showing that a 
mortar of cow-dung and clay was not always effectual. 

Brown, T. Book of Butt., Moths and Sphinges, p. 17, fig. 63. Quotes 
Worth (18238). 

** Senex” (Kinderhook, N. Y.) Zhe Cultivator, I1., 40. First saw it near 
Philadelphia in 1800, from whence it spread northward at the rate of 
12 to 15 miles a year, reaching Kinderhook in 1807. Thought eggs 
were laid on leaves on which larve fed fora time. Mistook female for 
a parasitic wasp. Apparently the first account of the insect in New 
York literature. 

Lancaster, 8. The Cultivator, VI., 138. Notes on development of insect 
in Tennessee; no cocoons June ist and a few found July 18th. Hens of 
no use. Mounding good and facilitates digging out. 

Harris, T. W. Sillman’s Jour. of Sci. and Art, XXXVI., 312. Adults 
described, with brief note referring to previous writings. 

The Cultivator, VIII., 90. Recommends planting a red cedar tree with 
the peach; the odor of the cedar thought to keep the insect away. P. 95 
records that Dr. Anderson, of Virginia, has practiced this method with 
success, 

Harris, T. W. Rept. on Insects of Mass. Inj. to Veg., 2382-34. Good 
general article, practically a recast of his 1826 article. In the 1842 edi- 
tion, the 1852 edition (p. 253), and the Flint edition (p. 331) of Harris’ 
Report there is no change from the 1841 article, except that figures of 
the larva, pupa and adults are added in the 1862 or Flint edition. 

Gaylord W. Trans. N. Y. State Agr. Soc. for 1843, p. 161-62. Brief 
general account compiled from Harris (1841). Rather crude figures of 
adults, cocoon and pupa skin, evidently adapted from Say’s. Suggests 
salt around tree. 

Downing, C. Fruit and Fruit Trees, 460-61. Brief compiled account, 
not changed in subsequent editions. Recommends air-slacked lime or 
ashes. 

The Cultivator, IIl., N. ser., 217. Good general compilation, with illus- 

* tration of work of borer in tree, and of a cocoon. 

L’Hommedieu. Trans. Cincinnati Hort. Soc. for 1843-45, p. 17. Used 
salt and saltpetre without success, but slacked lime gave good results. 

Emmons, E. Nat. Hist. of New York, Agriculture, V., 222. Brief account 
compiled from Harris. Pl. 26, figs. 1-5, male and female, larva, pupa 
and cocoon. Fair, colored figures. 

Fitch, A. First Rept. on Insects of New York, 108-117. One of the best 
accounts in the literature, by far the best up to that time. Detailed 
descriptions of all the stages, including several varieties of the adults. 
Larva and its work poorly figured. 


1862. 


1866. 


1869. 


1870. 


1871. 


1872. 


1873. 


1875. 
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Glcver, T. Rept. Com. of Patents for 1854, p. 83-84, pl. 7. Good brief 
account. Fairly good figures of male and female, larva and pupa ia 
cocoon. 

Fitch, A. Third Report on Insects in New York, 356. Brief account, 
with fair figures of male and female. j 

The Northern Farmer (Utica, N. Y.), V., 116. Record of successful use 
of tansy. 

Merriam, J. P. and Meehan, T. Gard. Monthly, 1., 168. Records success- 
ful use of gas tar. 

Peticolus, T. V. Country Gentleman, XV., 226. Records negative or dis- 
astrous results with many of the methods then recommended. Good 
general discussion of methods. 

Morris, Miss M. H. Horticulturist, XV., 118. Brief, popularly written 
account with crude criginal figures of male and female, a pupa and a 
cocoon. 

Harris, T. W. Insects Injurious to Vegetation (Flint edition), p. 331-82. 
Same as the 1841 account, witi figures of the larva (Fig. 161), pupa 
(Fig. 162), male (pl. V., fig. 6), and pupa skin (pl. V., fig. 7); very good 
figure of the male. 

Walsh, B. D. Practical Entomologist, I., 27-28. Brief, general account, 
with a good discussion of various methods for combating it. Fair fig- 
ures of male and female. 

Walsh, B. D. and Riley, C. V. American Entomologist, I., 180-81. Very 
full discussion of the ‘‘mounding system.” The system is further dis- 
cussed from experience by Weis and DEAN on pp. 201 and 222. 

Riley, C. VY. First Rept. on Insects of Missouri, 47-50. Good general 
account; mounding system especially treated. Fair figures of maleand 
female. 

Fulton, J. A. Peach Culture, 120-125. Brief account of life-history, 
with rather poor figures of male and female. Good sensible discussion 
of methods of combating. 

Saunders, W. Canadian Entomologist, IIL, 22. Detailed description of 
the larva, the first and about the only one published. Poor figure of 
larva. 

Bateman, M. B. American Agriculturist, XXVIII., 141. Records suc- 
cessful expts. with coal tar, with a detailed account of use of Buchan’s 
carbolic soap. 

Fitz, J. The Southern Apple and Peach Culturist, 254-60. Fairly accu- 
rate account of life-history. Excellent discussion of mounding, scald- 
ing, various washes, and other applications on soil around tree, 

Reed, E. B. Rept. Ont. Ent. Soc. for 1872, IIL., 44-47. Very good gen- 
eral article compiled from Say. Harris, Fitch and Riley. Fair figures 
of male and female and Saunders’ poor figure of larva. 

Cook, A. J. Rept. Mich. Bd. of Agr. for 1874, p. 136. Brief good 
account of life-history and methods for controlling the insect. Practi- 
cally the same article in Rept. Mich. Pom. Soc. for 1874, p. 140-41. 


1876. 


1877. 


1878. 


1879. 


1880. 


1881. 


1882. 


1883. 


1885. 


1886. 


1887. 
1888. 
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Bateman, M. B. Country Gentleman, p. 535. Records fairly successful 
expts. with tarred paper, and good results with a carbolic acid soap. 
Thomas, C. First Rept. on Insects of Ill., 838-39. Brief general account, 

compiled mostly from Fitch. 

French, G. H. Seventh Rept. of State Ent. of Ill., 169-70. Brief com- 
piled account. 

Milton, M. Country Gentleman, XLIY., 119. Records the insect in 
azaleas. 

Comstock, J. H. Rept. of U.S. Ent. for 1879, p. 254-55. Detailed descrip- 
tion of the egg, oviposition and habits of the newly-hatched larva. 
Straw bandage recommended. Four parasites recorded. 

Rutter, J. Culture and diseases of the peach, p. 74-76. Brief account, 
with good discussion of methods of combating. 

Fuller, A. American Entomologist, I11., 11. Records insect working in 
dwarf flowering almond shrubs. 

Zimmerman, C. D. Gard. Monthly, XXIII., 238. Discusses the borer in 
nursery stock. Mounding the best method in a nursery. 

Kellicott, D. 8. Canadian Entomologist, XIII. 7. Brief, but important 
note on emergence and habits. 

‘‘Anti-borer.” Country Gentleman, XLVII., 373. Decline in profitable 
peach culture due to borer and not to climate. Successful with clean 
culture and ‘‘digging-out” process. 

Edwards, Hy. Papilio, I1., 55. Describes Fitch’s var. d. as fitchii, in 
wild cherry from Fla. W. Va. 

Cooke, M. Injurious Insects, 126-27. Brief general account. Saunders’ 
figures. 

Lintner, J. A. Psyche, [V., 106; also in Second Report on Insects of New 
York, 213. Points out a distinguishing characteristic of the male pupa. 

Saunders, W. Fruit Insects, 191-195. One of the best general accounts 
of the insect. 

Lintner, J. A. Second Rept. on Insects of New York, 5-6. Brief dis- 
cussion of methods of combating; pp. 24-26, discussion of carbolic soap 
washes. 

Wilcox. Peach Culture, 438-45. Brief account, with discussion of 

‘“mounding system.” 

Treat, Mary. Injurious Insects, 183-85. Brief account. 

Hale, J. H. Trans. Mass. Hort. Soc. for 1888, Part I, p. 66. Hale’s wash 
recommended. 

Barry, P. Fruit Garden, p. 488. Good, brief account. 

Lintner, J. A. Country Gentleman, LIII., 109. Full discussion of time of 
emergence and egg-laying. 

“HF. H.,” Kentucky. Country Gentleman, LIII., 149. Time of flight 
in Kentucky from June 6 to October, mostly from July 15 to Aug. 15. 
Mounding most practical remedy. 

Crossman, S. Ark. Expt. Sta., Bull. 3, pp. 3-5. Brief discussion of 
habits and ‘‘ remedies.” 
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1888. 


1889. 


1890. 


1891. 


1892. 
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Ashmead, W. H. Fla. Exp. Sta., Bull. 2, pp. 17-19. Brief discussion, 
with descriptions of all stages. Recommends a Paris green soap wash. 

Lintner, J. H. Oountry Gentleman, LIV., 861. Good account of name, 
appearance (poor figures of male and female), life-history and remedies. 

Insect Life, II,, p 878, and IIL, p. 79. Successful expts. with hot water 
recorded. 

Packard, A. J. Forest Insects, p. 521-22. Records it on wild cherry 
trees. 

Kellicott, D. S. Jour. Columbus Hort. Soc., V., 16, pl. L., figs. 1 and 2. 
Brief note, with very good figures of male and female. This article is 
wrongly accredited to Coquillett by Lintner and others. 

Smith, J. B. Rept. N. J. Expt. Sta. for 1889, pp. 299-303. Brief 
account of habits, with good discussion of ‘remedies.’ Recommends 
hot water or kerosene emulsion to kill, and newspaper wrapping to 
prevent. 

Weed, ©. M. Insects and Insecticides, pp. 77-79. Good, brief account. 
Kellicott’s figures. 

McCarthy, G. N. C. Expt. Sta., Bull. 78, p. 27. Brief account. Dan- 
gerous to use Paris green washes. 

Weed, H. E. Miss. Expt. Sta., Bull. 14, pp. 17-18. Brief, compiled 
account, with Kellicott’s figures. 

Townsend, C. H. T. New Mex. Expt. Sta., Bull. 38, pp. 13-15. Brief 
account. Attacks apricots. Irrigation, allowing water to stand for 
some time, has no effect. 

Coquillett, D. and Riley, C. V. Insect Life, III., 892-93. Records eviti- 
osa on Eastern nursery stock in Calif. Compared with the native Cali- 
fornia peach borer. 

Snyder, R. Country Gentleman, LVI., 677. Very sensible article on 
washes and similar applications. Good ‘‘digging-out” method 
described. 

Woodward, J. S. Rural New Yorker, p. 736. Formula for soap, milk, 
and cement wash. Ashes are dangerous. 

Lintner, J. A. Country Gentieman, LVI., 457. One of the best discus- 
sions of methods of controlling ths insect in the literature. Same 
account occurs in his Eighth Rept. on Insects of N. Y., p. 181-86 (1898). 
Uses Kellicott’s (1890) fine figures, and reproduces Emmons’ poor 
figures. 

Little, S. A. Rural New Yorker, L., 598. Good, popular, compiled 
account. 

Barnes, W. D., Hate, J. H., Brown, N. and White, J. F. Rural New 
Yorker, L1., 186-87. Symposium on remedies. Hale’s wash and others 
found ineffectual. 

Kellogg, V. Common Injurious Insects of Kansas, pp. 91-92. Good, 
brief account. Records it as appearing as early as April in Kansas, 
and having been 1n the Stute as early as 1873. 


1893. 


1894. 


1895. 


1896. 


1897. 
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McCarthy, G. N. Car. Expt. Sta., Bull. 92, pp. 104-105. Brief account 
of habits, with good discussion of methods for combating. 

Neumoegen, B. Ent. News. V., 381. Var. dumitnosa described. 

Sempers, F. Injurious Insects, pp. 86-87. Briefaccount ; Riley’s figures. 

Hale, J. H. Rural New Yorker, Mar. 10, 1894, p. 151. Describes his 
‘“wash” and its use. 

Comstock, J. H. Manual for the Study of Insects, p. 260. Brief account. 
Good figure of female. 

Davis, G. C. and Howard, L. O. Bull. 2 (N. ser.), U. 8. Division of Ent., 
pp. 33 and 34. Raupenleim recorded as ineffectual, and linseed oil 
applications dangerous. 

Weed, C.M. Insects and Insecticide, Second Edition, p. 121-122. Nearly 
same as 1891 account, except white paint is recommended instead of 
Paris green and glue. Poor figures of adults. 

McCarthy, G. N. Car. Expt. Sta., Bull. 120, pp. 292-293. Brief account. 

Davis, G C. Mich. Expt. Sta., Bull. 212, pp. 31-32. Brief account. 

Stinson, J. Ark. Expt. Sta., Bull. 35, pp. 72-74. Brief, compiled 
account, 

Smith, J.B. N. J. Expt. Sta., Bull. 111, p. 6. Records apparently suc- 
cessful expts. with Raupemleim and Dendrolene. 

Marlatt, C. L. Circular 17, N. ser. U. S. Div. of Ent., 4pp. Best brief, 
general discussion in the literature and illustrated by fine original] 
figures of male and female pupe and adults, larva and cocoon. 

Smith, J. B. Hnt. News, VIL, 107-109. Good general account of life- 
history and remedies. 

“GE. M.” Rural New Yorker, Aug. 22d, 1896, p. 560. Data on life- 
history in Virginia; finds difference in infestation of plums when 
budded on different stocks. 

Smith, J. B. Economic Entomology, pp. 261-262. Good, brief account, 
with Kellicott’s figures. 

Cole, R. D., Massey, W. F., Wright, C. and Kerr, J. W. Rural New 
Yorker, Aug. 8, 1896, p. 533. Symposium on probable effect of kainit 
on borer. 

Slingerland, M. V. Rural New Yorker, Dec. Sth, 1896, p. 800. Brief 
account, based on original observations and experiments. 

Slingerland, M. V. Michigan Fruit Grower, Dec. 11, 1896, Vol. V., p. 8. 
(Same in Rept. Mich. Hort. Soc. for 1896, pp. 342-343.) Brief account 
of some of the results reached in our many expts. against the insect. 

Beutenmiiller, W. Bull. Am. Mus. Nat. Hist., VIII., 126. New genus 
Sanninoidea proposed for exttiosa, but not characterized. S. exitiosa 
and its varieties fitchzi and /wminosa described, the former incorrectly so. 

Smith, J. B. Ht. News, VIII., 208. Important notes on life-history; 
p. 283-34. Detailed discussion of emergence and egg-laying habits. 
Pl. XI., good, enlarged photo-reproduction of male and female. 

Lowe, V. H. 15th Rept. N. Y. Expt. Station, pp. 559-69. Very good 
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general account, with good photo-reproductions, its work, and poor 
illustrations of adults, larvee, and cocoon. 

Slingerland, M. V. Rural New Yorker, Dec. 11, 1897, p. 805. Brief 
account. 

“ET.” Rural New Yorker, Jan. 2, 1897, p. 6. Records finding borers 
in the gum in winter. 

Beutenmiiller, W. Bull. Am. Mus. Nat. Hist., 1X, 219. Food-plants. 

Butz, G. Penn. Expt. Sta.. Bull. 37, p. 23-25. Brief account. E. F. 
Smith’s figures, and photo reproduction of effect of borer on trees. 

Lowe, V. H. Proc. Western N. Y. Hort. Soc, for 1897, p, 65-66. Brief 
account of life-history and habits; expts. with dendrolene. 

Cordley, A. B. Oregon Expt. Sta., Bull 45, pp. 100-107. Good discus- 
sion, with poor photographic figures, of the Oregon peach and prune 
borer, supposed to be S. evitiosa. Specimens submitted to Washington 
authorities. however, show that Oregon species is opalescens, thus there 
is yet no definite evidence that evztéosa occurs in Oregon. 

Country Gentleman, LXIII., p. 328. Good popular discussion compiled 
from recent bulletins. 

Smith, J. B. Ent. News, 1X., 79, 114-115. Detailed account of some 
peculiar structural characteristics of the adults, iliustrated by a full- 
page plate. 

Starnes H. N. Ga. Expt. Sta., Bull. 42, p. 226. Good brief account 
with E. F. Smith’s figures. 

Stedman, J H. Missouri Expt. Sta., Bull. 44, pp. 12-14. Brief account 
of life-history, with Kellicott’s figures. Good discussion of remedial 
measures based on experiments. Recommends a wash of soap, soda, 
lime, carbolic acid, and Paris green or arsenic; also recommends wire 
gauze or thin wooden wrappers as mechanical preventives. 

Slingerland, M. V. Rural New Yorker, Jan. 15, 1898, p. 34. Detailed 
discussion of use of carbon bisulphide against the insect, with record of 
some experiments. 

Slingerland, M. V. Proc Western N. Y. Hort. Soc. for 1898, p. 67. List 
of applications found non-effective, partially effective, and injurious 
when used against the peach-tree borer in our experiments. 

Faville, E. and Parrott, P. Kans. Expt. Sta., Bull. 77, pp. 44-47. Good 
account of the work of the borer, with good new illustrations. 

Craig, J. Ottawg Expt. Farm. Bull. 1, Sec. Ser., p. 44. Brief note 
regarding some of the results of experiments against the insect at 
Cornell Expt. Sta. 

Baker, C. F Ala. Expt Sta. Bull. 90, pp 27-32. Very good general 
discussion of life-history and remedies. Experiments with Bordeaux 
mixture and dendrolene. Illustrated with the good figures of Kellicott 
and Marlatt. 

Smith J. B. N. J. Expt. Sta., Bull. 128, 28 pages. Being based on 
original observations and experiments, this is one of the best and most 
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detailed accounts of the life-history and methods of combating the 
peach-tree borer in the literature. Records experiments with various 
mechanical protectors, and with cement and other washes. Illustrated 
by many new pictures of the different stages of the insect, its structu- 
ral characteristics, and its work. 

1899. Lugger, O. Fourth Rept., pp. 57-59. Brief general account, quoted 
mostly from Saunders (1883). Uses Ke.licott’s (1890) fine figures. 

Fernald, H.T. Penn. Dept. of Agri., Bull. 47, pp. 14-15. Brief account, 
with Lowe’s figures. 

Slingerland, M. V. Rural New Yorker, Mar. 25, 1899, p. 222. Results of 
experiments with tarred paper. 

Slingerland, M. V. Trans. Mass. Hort. Soc.. Part I., for 1898, 5 pages. 
Brief account of life-history with somewhat detailed statement of 
results obtained with the various methods used in our extensive experi- 
ments against the insect. 

Beutenmiiller, W. Bull. Am. Mus. Nat. His., XII, 159. Genus Sanni- 
noidea defined. Variations of exritiosa discussed; variety fitchii shown 
to have been incorrectly described; and the varietal name edwardsit 
proposed for the females, having both the fourth and fifth abdominal 
segments banded with orange; var. /wminosa described. 


MARK VERNON SLINGERLAND. 


57.— The four stages — egg, larva or “borer,” pupa, and adult or moth — of the 
peach-tree borers life; all natural size except the egg, which is much 
enlarged, 
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Trees, 26 pp. 148 Quince Curculio, 26 pp. 
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pp. 152 Studies in Milk Secretion. 
109 Geological History of the Chautauqua | 153 Impressions of Fruit-Growing Industries. 
Grape Belt, 36 pp. 154 Table for Computing Rations for Farm 
110 Extension Work in Horticulture, 42 pp. Animals. 
114 Spraying Calendar. 155 Second Report on the San José Scale. 
116 Dwarf Apples, 31 pp. 156 Third Report on Potato Culture. 
117 Fruit Brevities, 50 pp. 157 Grape-vine Flee-beetle. 
119 Texture of the Soil, 8 pp. 158 Source of Gas and Taint Producing Bac- 
120 Moisture of the Soil and Its Conservation, teria in Cheese Curd. 
24 pp. 159 An Effort to Help the Farmer. 
121 Suggestions for Planting Shrubbery. 160 Hints on Rural School Grounds. 
122 Second Report upon Extension Work in| 161 Annual Flowers. 
Horticulture, 36 pp 162 The Period of Gestation in Cows. 
123 Green Fruit Worms, 17 pp. 163 Three Important Fungous Diseases of the 
124. The Pistol-Case-Bearer in Western New Sugar Beet. 
York, 18 pp. 164 Peach Leaf-Curl 
125 A Disease of Currant Canes, 20 pp 165 Ropiness in Milk and Cream. 
126 The Currant-Stem Girdler and the Rasp-| 166 Sugar Beet Investigations for 1898. 
berry-Cane Maggot, 22 pp. 167 The Construction of the Stave Silo. 
127 A Second Account of Sweet Peas, 35 pp. 168 Studies and Illustrations of Mushrooms; 
128 A Talk about Dahlias, 40 pp. Le 
129 How to Conduct Field Experiments with | 169 Studies in Milk Secretion. 
Fertilizers, 11 pp. 170 Tent Caterpillars. 
130 Potato Culture, 15 pp. 171 Concerning Patents on Gravity or Dilu- 
131 Ne upon Plums for Western New York, tion Separators. 
31 pp. 
Bulletins Issued Since the Close of the Fiscal Year, June 30, 1899. 
171 Gravity or Dilution Separators. 
172 The Cherry Fruit-Fly; A New Cherry Pest. 
173 The Relation of Food to Milk-Fat. 
174 The Problem of Impoverished Lands. 
175 Fourth Report on Japanese Plums. 
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Cornet University, 
IrHaca, N. Y., San. 1, 1900. 


HonorABLE ComMissIONER OF AGRICULTURE, ALBANY : 


Str.— The following account is a summary of the experiments 
of 1899 on the spraying of plants. These experiments were made 
under the direction of Professor Bailey. The work was begun by 
H. P. Gould, but after his withdrawal to the Maryland Agricultural 
College it was continued by 8. W. Fletcher. The chemical work 
was done by G. W. Cavanaugh, assistant chemist to the Experiment 
Station. Other materials than those reported have been tried, but 
it seems unwise to make any discussion of them, since the results 


were not satisfactory. 
Respectfully submitted, 


I. P. ROBERTS, 


Director. 
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FORMULAS. 


BorDEAUX MIXTURE. 


Copper sulfate (blue vitriol)... 23. S2:2-- i eeiaetes coe se ae 6 pounds. 


Stonesor quick Hime vega ose oom meee ie eee 4 < 
Water: s.7. PK ar Ajateoclig Wicnlee  cyercte emsinr eter on aie fe creas tataehogens tetas 1 bbl. (45 to 50 gals.) 


Dissolve the copper sulfate in two gallons of hot water; or put it in a coarse 
sack, as burlap, and hang this in four to ten gallons of cold water. Use only an 
earthen or wooden vessel. Pour the copper solution into the spraying barrel and 
fill the barrel half full of water. Slack the lime, dilute it to ten to fifteen gal- 
lons, never less, and pour this milk of lime into the spraying barrel through a 
wire strainer of about thirty to forty meshes per inch. Add water to fill the 
barrel and stir the mixture vigorously. Bordeaux should be well stirred every 
four to five minutes when spraying. Few agitators are satisfactory; a wooden 
paddle worked by hand power is good. : 

Bordeaux mixture itself should always be made fresh for each application, but 
stock solutions of copper sulfate and lime may be kept to advantage when the 
spraying operations are extensive. Copper sulfate may be dissolved in water at 
the rate of one pound per gallon; and quick lime slacked at the rate of one pound 
per gallon. For a barrel of Bordeaux, take six gallons of vitriol solution and four 
gallons of milk of lime. It is better, however, to use the ferro-cyanide test when 
the lime is taken from a stock solution. Both stock solutions should be kept 
covered to prevent evaporation. 


ARSENITE OF LIME. 


Wihite ar SeMic! o75 cis... «sal scolaunesecustevene che eo onelave tanetes otolarmbate coriorsustet ketal ats 1 pound. 
Stoney limes Feat seh Qld eckdivcc at Meee eds ao Oa Sheet bomb raphe ates 2 pounds. 
Winters rn eee Ca hi Sa eo reece Sic eee en eae 1 gallon. 


Boil together for forty-five minutes. This stock solution may be kept indefi- 
nitely in a closed vessel. Some green dye stuff may be mixed with it to prevent 
mistaking it for other material. One quart of the above per barrel will be suffi- 

‘cient for most insects. 

The ‘‘ Kedzie Mixture” is made by boiling together two pounds of white 
arsenic and eight pounds of sal soda in two gallons of water, until the arsenic 
dissolves. One pint of this stock solution and two pounds of slacked lime are 
sufficient for forty gallons of the spraying mixture. 


Paris GREEN. 


For most purposes 1 pound is used in 150 gallons of water. In some cases 
a more dilute mixture is made; and on potatoes some persons use a stronger one 
(1 pound to 100 gallons). The poison distributes better in the water if it is 
previously dampened and worked into a paste. To every 100 gallons of the 
mixture add 1 or 2 pounds of lime. 
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GENERAL ADVICE. 


L. H. BAILEY. 


Each succeedirg year emphasizes the importance of spraying. 
There is no longer any doubt that the operation is based on rational 
principles and is demanded by the increasing incursions of insects 
and fungi. Yet a man says, “I sprayed this year, and it did no 
good. Shall I spray next year?” A man may insure his barn this 
year and it does no good; but he insures it again next year. My 
neighbor put in a tile drain last spring, but it did no good this year; 
I do not believe he will dig it up. My neighbor believes in tilling 
to save moisture ; yet two years ago he had too much moisture, but 
I notice that he did not abandon tillage last year. The wise man 
takes precautions. 

Farming, like any other business, should be ruled by ideals. The 
good farmer sets a mark and tries to attain to it. He knows that 
the mark is right and the effort is right, even though incidental 
results now and then seem to contradict. The experiences of a sin- 
gle season do not prove nor disprove things which are true. We 
know that sprays kill insects and check the spread of fungi: and we 
know that the insects and fungi are with us. Lay out a course of 
action to accomplish a desired result: modify your practice as the 
case requires, but stick to the action. 

* * * 

What is new in spraying? Perhaps nothing which experimenters 
are ready to recommend; but we know some things better than we 
did last year. One of these things is the fact that the old kerosene 
and soap emulsion — the vilest of concoctions — seems to be doomed. 
The kerosene and water emulsion is to take its place. The insecti- 
cidal properties of this mixture have long been known, but it has 
needed a practicable mechanical device to: mix them. There are 
two great difficulties in this mechanical problem — the difficulty of 


making a mathematically correct mixture of the water and oil, and 
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the difficulty of securing power enough to mix the liquids and to 
throw the spray the required distance. It is scarcely to be expected 
that the automatic kerosene-and-water mixing pump can ever throw 
a spray so far as one which expends all its energies in throwing the 
spray. These automatic pumps are net yet perfect, but some of 
them are perfect enough to be useful and reliable; and they indicate 
that we may expect better things. I do not say that the kerosene- 
and-soap emulsion is already out of date — only that the indications 
are that it will become less and less important. 
* * * 

Shall white arsenic be used as a substitute for Paris green? This 
is not a new question. Experiments on this point were made by 
Kilgore as early as 1890. The arsenic is combined with lime to 
form arsenite of lime. There is no question as to the efficacy of the 
mixture, or its safety on foliage. Our tests show that it is less 
caustic than Paris green to foliage. We have not recommended it 
publicly because it is a dangerous thing to have the general run of 
farmers buying white arsenic and mixing and_ boiling it themselves. 
One has only to inspect the ordinary farmstead to see how careless 
the owner is about things which require careful handling and weigh- 
ing. The refuse is thrown in the yard or into a stream. Utensils 
are left where they were used. There are farmers who are other- 
wise, and if they have much spraying to do, the white arsenic can 
be recommended confidently ; but I believe that most people should 
buy their poisons ready prepared, even if the cost is somewhat 
greater. 

* * * 

The San José scale is still with us. It will stay. There is no 
hope of eradicating it. Then every man should be prepared to meet 
it. He should not rely on State control alone. 

For three seasons now, we have experimented with the kerosene 
and have found that it 


and water emulsion — as others have done 
is a specitic for the scale. In the proportion of 1 part of oil to 5 of 
water in summer, and 1 to 4 in winter, it will kill the scale. 

Can a man hope to annihilate the scale, then, by spraying. No. 
On plants which he can spray thoroughly and frequently, he can 
hope to eradicate it; but I should not expect him to eradicate it 
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from a large and badly infested plantation, any more than he can 
eradicate the apple-seab or the bark-louse. But I should expect 
him to keep it in check. Spraying for San José scale must come 
to be an accepted practice, as spraying for potato-blight is. 

All this means that the farmer should not be frightened, but 
should be self-reliant and determined. But the State should help 
him. The law should not help him less, but more. Nursery stock 
should be fumigated with hydrocyanic acid gas, under strict control. 
It would be folly to attempt to burn every infested tree or bush 
wherever found; but the law should be so amended as to allow a 
properly qualified officer to destroy plants which, in the judgment 
of experts, are a menace to the general weal. 


SUMMARY OF EXPERIMENTS OF 1899. 


H. P. GOULD, 8. W. FLETCHER AND G. W. CAVANAUGH. 


I. Tur Srason’s EXPERIENCE WITH THE SAN JosE SCALE. 


The results of experiments in spraying for the San José scale 


were detailed in Bulletins 144 and 155. During the past year these 
experiments were continued more extensively. The former con- 
clusions were fully confirmed. The infested stock was mainly apple, 
pear, plum, almond and willow trees, all of medium size or below. 
Some were very badly infested, but all had made a fairly vigorous 
growth in 1898. Experiments in 1898 had shown that a 20 per 
cent mechanical mixture of kerosene and water was the most effi- 
cient spray, so no other proportion was used this year. The first 
application in 1899 was made to one lot of trees on April 10 and 11, 
when the weather was favorable for rapid evaporation. This is a 
very important point in all spraying with un-emulsified kerosene. 
Another lot of trees was sprayed on June 6 and were, of course, in 
full leaf at the time of spraying. A few badly infested currant 
bushes were ieft as checks. 

On June 23, the young scale insects were numerous on the 
unsprayed currants and a very few were found on the sprayed trees, 
indicating that the insecticide had killed most, but not all of the old 
scales. On one of the worst infested trees which had been sprayed, 
but a single live scale could be found. The trees sprayed in June 
showed more live scales than any of those sprayed in early spring. 

All of the trees were sprayed a second time on June 24, and 
three with very dense heads again on June 29. At this date, Dee. 
11, few live scales can be found on the sprayed trees — mostly on 
apples and pears, where some insects were protected from the 
spray by irregularities of the bark. On the smooth barked willows, 
every scale was killed. On the whole the results are encouraging. 
We feel sure that the San José scale can be held in check by spray- 
ing whenever the infested plants can be thoroughly treated. If the 
trees had been sprayed again in late summer, probably all the insects 
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would have been eradicated ; but it was desired to leave the trees 
for study. 

While spraying for the San José scale in early spring has given 
excellent results, there is no reason why late fall spraying should 
not be equally effective, since the insect continues to multiply for 
some time after the leaves have fallen. Furthermore, it is often 
nore convenient to spray in the fall than during the hurry of spring 
work. Summer spraying is rarely advisable, since the foliage pre- 
vents the insecticide from reaching all parts of the tree. We are 
now experimenting with early winter spraying for the scale. 

Spraying vs. fumigating. — Most of the eastern fruit-growers 
and nurserymen who have adopted the fumigation method of com- 
bating the San José scale, report it efticient and practicable, when 
properly done. Fumigation is certainly more thorough than spray- 
ing. Hydrocyanic acid gas is very penetrating and can be depended 
upon to kill all the scales or other insects on the tree in one thorough 
fumigation, whereas several applications of the spray may be neces- 
sary to accomplish the same result. In spraying there is always a 
possibility that a few untouched insects may live and re-infest the 
tree. Nevertheless, there is no doubt but that the San José scale 
ean be held in check by spraying. 

The comparative cost of the two methods is a practical point. In 
spraying, a pump with a good kerosene attachment is the only 
equipment necessary besides the usual spraying appliances. In fumi- 
gation, tents are indispensable (if growing trees are treated) and are 
generally costly, especially those large enough to cover a full sized 
orchard tree. The choice between spraying and fumigation will 
therefor depend largely on the amount of work to be done and the 
first cost of the tents. Nurserymen will find fumigation the most 
effective and probably the most economical method of control, while 
those with growing plants will find kerosene spray an efficient, 
economical and simple method of checking the scale. 

The San José scale situation is improving, not becanse the scale is 
less destructive but because it is better understood and methods of 
combating it are more generally known. In some respects it is 
undoubtedly the worst insect we have in the orchard. Every pre- 
caution should be taken to guard against infection ; yet there is no 
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reason why infested trees may not be saved, provided they are not 
seriously weakened before remedial measures are taken. Herein 
lies the greatest danger, — not because the insect is hard to kill, but 
because it is hard to see, and it spreads with amazing rapidity. A 
slight infestation is not at all noticeable, and one must look sharp 
to see individual seales. The probability is that most farmers would 
not notice the San José scale on their trees till they are infested so 
badly as to be hardly worth the trouble of spraying. Taken at the 
right time, however, the pest can be dislodged. A faithful applica- 
tion of arsenical sprays will hardly save us 80 per cent of wormless 
apples; while the same amount of energy directed against the scale 
may be expected to hold it at bay. 


Il. Freip Tests or New InseEctIcipEs. 


The burning of the foliage. —In order that an insecticide shall 
have practical value, it must not only check the insect or plant 
disease but must also work no injury to the plant itself. Many 
materials of great fungicidal value are worthless for practical pur- 
poses because they kill or injure the plant as well as the parasite. 
The standard insecticide is Paris green. As a poison it is very satis- 
factory ; yet it is expensive, it does not remain long in suspension 
when applied with water, and it sometimes burns the foliage. These 
objections have induced several manufacturers to offer substitutes, a 
few of which this Station has tested in comparison with Paris green. 
Below is recorded the comparative injury to.the foliage by four 
strengths of each insecticide. It is probable that much if not all of 
the injury noted could have been prevented by adding lime to the 
arsenical spray. The object of this test was merely to find out the 
physiological effect of the insecticides when used alone, and inei- 
- dentally the danger limit of strength. Grades are recorded of 
injury ranging from doubtful (when the slight imperfections in 
the foliage may or may not have been produced by the spray), 
through slight, considerable and severe to very severe (when a large 
proportion of the leaves had fallen and the young shoots were fre- 
quently killed). Most of the orchard applications were made June 
10. The potatoes were sprayed July 10 and a duplicate lot on July 
17. Final records on the fruit trees were taken July 1; on the 
potatoes, August 3. The spray barrel held 48 gallons. . 
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A bug-killing contest.— A test of the insecticidal value of these 
materials was made on potatoes. The results are fairly representa- 
tive of their value as insecticides, for if the materials will kill potato 
slugs their poisonous properties are assured. 

Two strengths of the materials were used: 4 lb. per bbl. (48 gals.), 
the strength at which Paris green is usually applied for potato slugs, 
and $ 1b. per bbl. The spraying was done July 10 and 17, each 
strength covering about seventy-five rods of rows. The physiologi- 
cal effects of the arsenites are recorded in Table I. Slugs were not 
numerous, but were plentiful enough fora fair test. Both strengths 
of Paris green, Paragrene, XX, and Green Arsenoid killed all the 
slugs. A very few sick ones were found when both strengths of 
Pink Arsenoid, Green Arsenoid No. 53 and Green Arsenite -had 
been sprayed, yet it would pass for a clean sweep. 


III. Tur Compostrion or ARSENITES. 


The analyses of the insecticides used in these experiments con- 
sisted chiefly in determining the amount of arsenic, the arsenic 
soluble in water, and the copper. The arsenic soluble in water was 
found by shaking the insecticide in water for one hour, at the rate 
of one pound to one hundred gallons, and determining the amount 
of arsenic dissolved. Comparing Table II with Table I it will be 
seen that in proportion as the amount of soluble arsenic in an 
insecticide increases, its injury to foliage likewise becomes greater. 
At the rate arsenites are commonly used (4 lb. per bbl.), the burning 
is not noticeable with insecticides having less than 34 per cent of 
soluble arsenic. ; 

Anybody but a chemist is likely to become confused over the 
nomenclature of poisons. Arsenite isa general term for all com- 
’ pounds of arsenious oxid (As, O,), the active element in all these 
materials. Avrsenoid isa trade name, not a chemical compound, 
and simply means arsenic-like. An arsenate is a compound of 
arsenic acid (As, O;). None of the materials mentioned here is an 
arsenate. When the term arsenic is used in connection with insecti- 
cides, we mean what is ordinarily called white arsenic (As, O;) and 
not the metal arsenic (As). In the table copper is given as copper 
oxid (Cu O), lead as lead oxid (Pb O) and lime as caleum oxid (Ca O). 
The sulfuric acid (S O,) has no insecticidal effect. 
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TABLE II. 


ANALYSES OF ARSENITES. 


ASo O3 AS Oz con Ss O3 
Insecticide. . i A ic z . Sulfuri 
Arsenic, rsenic, Copper oxid. ulfurie 
Total. soluble. acid. 
Percent. | Per cent. Per cent. Per cent. 
PARISH ETECMER ESOS J nclihe Seehhia borate peaks 56.45 ]- 1.83 | 23.62. maf 
Parag rene Mr cps siasek ieee eee 50.07 8.21 | 27.68 1.24 
Greenvansenitermnt ce ee oot eee 54.10 2.380 | 31.59 3.70 
BRONCO a ceca ds Cod Ree RS ape enete: BBs iil 32.23 
PINKvaArsSenoldes cers seis eek alee 49.17 1.93 | 49.09(Pb O) 
GreenVarsenoid: tee: ashes. as: 60.63 3.58 | 29.29 1.55 
Green arsenoid No. 53............. Do. vl 8.33 | 29.438 3.70 


In Bulletin 149, page 720, the following analysis of Laurel green 
was published : 


Copper (@u):. do: Jagonie:: sisi. .sisiantieralOlO0wper cent: 
Aarsemic! (A6,O3) sicmrere be dios sabe Gta TD, Wess 


This year an insecticide manufactured by the same firm and 
labeled Special Laurel Green analyzed : 


ESESEINC CA S3O),)) LObAL curs ater cers 42.69 per cent. 
eee PROLOG ant see sree ae ipa 

Copperoxid (OuG\e eet oe te ZOOL 

Lame KOaOy: Sena c ae eee ee OD.O0n eo 


With its present composition this material evidently has value as 
an insecticide, although no field tests have been made here. It is 
manufactured by the Nichols Chemical Company of New York and 
retails for 125 cents per pound. 

Heretofore the ammonia test has been advised for detecting the 
purity of Paris green. The pure Paris green which has been on 
the market in the past does dissolve in ammonia completely; but 
this year samples have been received for analysis which do not, 
although containing the 50 per cent of arsenic required by New 
York State law. The reason is that they contain lime as well as 
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copper, and the lime compound with arsenic is insoluble in ammonia 
water. Although this material is a good insecticide, it is not Paris 
green. 

The specific gravity of insecticides.— An important point in 
every insecticide applied with water is the time it will remain 
in suspension. If the arsenite sinks to the bottom of the barrel 
in a few minutes, as does Paris green, there is an unequal distribu- 
tion of the poison and the concentrated mixture at the bottom is 
likely to burn the foliage. Frequent stirring is an inconvenience. 
Generally speaking, the lighter and more floeculent an insecticide 
is, the longer it will stay in suspension. Assuming the Paris green 
to be 10, the various insecticides compare with it in weight as fol- 
lows: Green arsenite, 10; pink arsenoid, 9; paragrene, 7; green 
arsenoid, 7; XX, 4; green arsenoid No. 53,4. Equal amounts of 
the above arsenites shaken in water followed approximately the 
same order in settling, Paris green and green arsenite settling first 
and No. 53 last. “The heavy specific gravity of Paris green is one 


of its weak points as an insecticide. 


SumMARY oF INSECTICIDES. 


Paragrene.— Manufactured by Fred L. Lavenburg, New York. 
Price 143 cents per pound in 14-pound pail. It has equal inseeti- 
cidal value with Paris green, is about as likely to burn the foliage 
and remains longer in suspension. We consider it an excellent 
substitute. 

Green arsenite.—(Arseniate of copper, Scheele’s green.) This 
is practically the same as Paris green in composition, and has the 
same effect on foliage. Its fungicidal value is slightly greater than 
Paris green owing to the higher percentage of copper oxid. When 
it can be obtained as cheaply as Paris green, it may be given 
preference. 

Pink arsenoid.— Manufactured by the Adler Color and Chemi- 
eal Works, Brooklyn, N. Y. Retail price 15 cents per pound at 
N.Y.,f.0.b. It is slightly inferior to Paris green as an insecticide, 
and has decidedly less fungicidal value, since the lead oxid it contains, 
corresponding to the copper oxid of Paris green, has little if any 


270 Bouuwtetin 177. 


merit as a fungicide. The pink color may be objectionable. Paris 
green has been so long in common use that people instinctively 
associate an arsenical poison with a green color. This material is 
apparently not as valuable as the following, manufactured by the 
same firm. 

Green arsenoid.— Retails for 15 cents per pound, f. 0. b. It is 
slightly superior to Paris green in composition and appears to be 
equally safe on foliage when applied at the ordinary strength. The 
powder is more floceulent than Paris green, about a third lighter 
and remains correspondingly longer in suspension. With its pres- 
ent composition and price we feel justified in recommending it for 
practical use. 

Green arsenoid No. 53.—The most serious objection to this 
material is that its comparatively high percentage of soluble arsenic 
makes it liable to burn the foliage. It is about equal to Paris green 
in insecticidal value, superior to it as a fungicide and is remarkably 
slow in settling from a spraying mixture. Provided the soluble 
arsenic were neutralized with lime, No. 53 would make an efficient 
and economical substitute for Paris green. 

Arsenite of lime.— This has the three-fold advantage of being 
cheap, the amount of arsenic is under perfect.control, and it does 
not burn the foliage. It is made by boiling together for forty-five 


minutes 
1 pound white arsenic, 
2 pounds fresh lime, 
1 gallon water. 


This may be kept in a tight vessel and used as desired. Thor- 
oughly stir the material before using. For most insects one quart 
of the above per barrel will be sufficient. Arsenite of lime is 
insoluble in water and will not injure the foliage of any orchard 
fruit at this strength. This insecticide is growing in popularity. 
Some green dye stuff should be mixed with it to prevent the ever- 
present danger of mistaking it for some other material. 


IV. Tue Burnine or Foriace sy FunGicipes. 


The effect on Japanese plums.— The foliage of the Japanese 
plums is so extremely sensitive to injury from fungicides and insec- 
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ticides that one must always be cautious when spraying this class of 
fruit. The apparently increasing susceptibility of the Japanese 
plums to the fruit rot (monilia) makes it essential to take some pre- 
ventive measure. It cannot be said that spraying is always an abso- 
lute specitic for the fruit rot. In a wet season no advantage may 
be noted. Through a series of years, however, a faithful combina- 
tion of spraying, thinning the fruit and destroying the diseased 
fruit can be depended upon to prevent serious injury. 

The standard fungicide for the Japanese plums is Bordeaux 
‘mixture. Bulletin 164 contains an account of the shot-hole effect 
produced by Bordeaux on plums and peaches. This injury has been 
observed for several years as resulting from even the most carefully 
prepared Bordeaux. During the past season, experiments were 
made to determine the effect of copper carbonate and potassium 
sulfide on Japanese plum foliage. The copper carbonate was 
applied in an ammoniacal solution at the usual strength: the potas- 
slum sulfide at the rate of one ounce toa gallon of water. Both 
were slightly more injurious to the foliage than Bordeaux. Since it 
is not probable that either has a greater fungicidal value than 
Bordeaux, there can be no advantage in displacing the older 
fungicide. 

The effect of copper sulfate on foliage.— It would be difficult to 
find a material of greater fungicidal value than Bordeaux mixture, 
yet it becomes a practical point to combine the same efficiency with 
greater ease in application and less danger of injury to the foliage. 
Those who have used a solution of copper sulfate find it to be an 
excellent fungicide. From laboratory studies we know that a very 
weak solution of blue vitriol will prevent the germination of fungi 
spores, but it is a question if it will have the same value under the 
conditions of orchard and field. 

It is of importance to know whether the foliage will be injured 
by a solution strong enough to be an efficient fungicide. The 
spraying in our test of this point was done May 24, and the final 
records taken June 10, The barrel reported below holds 48 gallons, 
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TABLE II. 


Insory to Foutace From Copper SubtFrate SPRAYS. 


Foliage. 4 oz. per bbl. | 8 oz. per bbl. | 1lb. per bbl. | 21b. per bbl. 
ADDpIG Lc his. Acer: Doubtful.....| Slight... J... Considerable. Considerable. 
IME So dGaecdoer para OUD Gulley eres Slight ai dznoe DeVere wesc Very severe. 
Peachiecren. » see tiated Considerable | Considerable.| Severe ...... Very severe. 
Cherry. en. «+. al PNONCs2 seo ss | SUA one Se vidas lio htae eee. Severe. 
Plum (domestic). . Considerable | Considerable.) Severe . Very severe. 
Plum (native) =... - .| Slight bce at | Slight 8 an aad Considerable.| Considerable. 
Plum (Japan). ..... _ Considerable., | Considerable.| Severe ...... Very severe. 


Although no severe injury to the native plums is recorded in the 
table, it was incidentally brought out that there is considerable 
variation between the different varicties of this group in their 
susceptibility to injury. The variety under experiment was Golden 
Beauty. Some spray accidentally reached the leaves of an adjacent 
Munson and there caused serious injury. 

Most of the injury noted was in the spotting of the leaves. 
Wherever the fungicide clung, there the tissue was killed and 
ultimately fell out, producing a condition which might readily be 
mistaken for the effect of the shot-hole fungus. When copper 
sulfate was applied to peaches and domestic plums at the rate of 
2 Ibs. per bbl., these perforations were so numerous that many leaves 
dropped. The young fruits of the Japanese plums were injured by 
the two strongest sprays. . 

These tests do not throw any light on the value of copper sulfate 
for controlling plant diseases; they simply indicate that unless care- 
ful discrimination is made between varieties, only a very weak solu- 
tion can be used with safety to the foliage. Until the simple solution 
of copper sulfate has been tested further, there is no safer or surer 
orchard fungicide than well made Bordeaux mixture. On Japanese 
plums, apply it weak. It would be well to experiment in applying 
it only in bright weather, 


Spraying Notes. 3 


VARIOUS POINTS. 


1. The San José scale can be controlled in a plantation by a 20 
per cent kerosene and water mixtare when the plant is thoroughly 
sprayed. Early spring or late fall spraying is preferable, but the 
material may be applied when the plant is in full leaf if the day is 
sunshiny. 

2. Only on sunshiny days should sprays of kerosene and water 
be used, 

3. Compared with fumigation on growing trees, spraying is 
cheaper, simpler, and perhaps equally effective in the long run. 
Nurserymen will find fumigation better adapted to their needs than 
spraying. On growing plants, however, it is attended with a 
because of the necessity of providing tents. 

4. Paragrene, green arsenite, green arsenoid and arsenite of lime 
are equal if not superior to Paris green in insecticidal value. The 
reduced price of these substitutes willcommend them. Arsenite of 
time can be made at home. 

5. Bordeaux mixture is liable to injure the foliage of the Japanese 
pluins, but no better fungicide for spraying this class of fruit is now 
known. To avoid injury use a very dilute mixture. 

6. Varieties of fruit differ in their susceptibility to injury from 
sprays. 

7. Unless lime is added, a simple solution of copper sulfate as 
strong as four ounces per barrel cannot be used without injury to 
the foliage of many fruit trees, 
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Cornet UnIversirty, 
IrHaca, N. Y., Jan. 30, 1900. 


Tue Honorasie Commissioner or Acricutturn, ALBAny, N. Y.: 


Str.— This bulletin is submitted for publication under Chapter 
430 of the Laws of 1899. 

Whether or not, bacteria invade the milk channels of the normal 
udder further than the milk duct of the teat, is a problem which 
dairy bacteriologists have vainly sought to answer satisfactorily. 

This bulletin contains a description of a unique method of throw- 
ing light upon this subject together with the facts determined by 
an application of the method to the study of the udders of nineteen 
cows. The fact that milk may become contaminated by bacteria 
before it leaves the small milk ducts of the cow’s udder has a broad 
and direct application to the methods employed in the production 
of milk by the most progressive dairymen. 

The conclusions embodied in this bulletin are general in nature 
but it is believed that future investigations will reveal more specific 
facts concerning this hitherto unrecognized source of the contamina- 


tion of milk. 


I. P. ROBERTS, 


Director. 


207 


Description of Plate. 

Photograph of a section of an udder injected through the teats 
with a mixture of lampblack and gelatin. The gelatin is removed 
from the teats and cisterns in order to show the lining mucous mem- 
branes of those cavities. The jet black areas throughout the whole 
section indicate the presence of the lactiferous ducts which com- 
municate with the cisterns. The finest ramifications of those ducts, 
almost invisible to the naked eye, are manifest by the darkening of 


the cut surface exposed to view. 
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THE INVASION OF THE UDDER BY BACTERIA. 


BY ARCHIBALD R. WARD. - 


The designation of the sources from which bacteria gain access to 
milk is one of the important results of the application of bacteriology 
to the amelioration of the dairy industry. Among dairy bac- 
teriologists there is a marked unanimity of opinion concerning the 
presence of micro-organisms in unclean utensils, the dust in the air 
of stables and in the first milk drawn from the teats at each milking. 
The necessity for the application of precautions to prevent the con- 
tamination of milk from those sources is well recognized and is 
exhaustively discussed in the more recent dairy literature.* 

Concerning the place at which milk first becomes contaminated 
with bacteria is a controverted matter among bacteriologists at the 
present time. The more generally accepted views are expressed in 
the following quotations. Grotenfelt + says that “ When the milk 
is first drawn from the udder of a healthy cow it is germ free or 
sterile. The original sterility of normal milk is due to the fact that 
the bacteria can not gain access to the milk glands from without as 
> The translator of 
Grotenfelt’s work adds in a footnote this statement made by 


long as the udder is not injured in any way.’ 


Lehmann {: “The bacteria in the milk cisterns will be largely 
washed out by the first milk drawn, but not all removed until milk- 
ing has progressed some time.” 

y. Freudenreich § holds a somewhat similar view. In his dairy 
bacteriology the following is found: “ In the udder, milk is germ 


*H. L. Russell, Dairy Bacteriology. Ed. v. Freudenreich, Dairy Bacteriology, 
translated by J. R. A. Davis. R. A. Pearson, Farmers’ Bulletin No. 63, U.S. 
Department of Agriculture. 

+ Gésta Grotenfelt, The Principles of Modern Dairy Practice, translated by F. 
W. Woll, p. 28. 

t Lehmann, 17te Versammlung d. deut. Ver. f. offent. Gesundheitspflege. 

§ Dr. Ed. v. Freudenreich, Die Bakteriologie in der Milchwirthschaft, 2d 


edition, p. 25. ; 
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free except when the milk glands are diseased, as with tuberculosis, 
or with mammitis. In such cases the tubercle bacilli or those 
causing the inflammation, are present in the milk when drawn. At 
other times, it is germ free as was shown by Pasteur by drawing the 
inilk direct from the udder through a sterile cannula.” 

In discussing the sources of contamination of milk, v. Freud- 
enreich mentions that the first milk drawn always contains bacteria. 
These he says, have invaded the teat since the previous milking and 
are all washed out, so that sterile milk can be obtained toward the 
latter part of each milking. This explanation of the presence of 
bacteria in the fore milk is apparently based upon the experiments 
in which sterile milk has been obtained from the udder. Schultz,*? 
Gernhardt,? Lehmann,’ Moore,‘ and Backhaus and Cronheim® have 
worked along this line, merely succeeding in demonstrating that 
sterile samples may be occasionally obtained from the strippings. 

Moreover v. Freudenreich’s results, with the milking tube experi- 
ment suggested by Pasteur, are diametrically opposed to those of 
Bolley and Hall.+ These writers made a study of the bacteria pres- 
ent in the milk cistern of the normal udder, drawing their samples 
by means of a sterilized cannula inserted well into the cistern. 

Bolley questions the accuracy of the dictum: “In the healthy 
udder, milk is germ free of sterile.” He says, “Germs nearly 
always gain admission to the interior of the teats, and often perhaps, 
the milk cistern proper where some types may multiply in great 
numbers.” 


*1 Schultz, Archiv. f. Hygiene, XIV (1892) p. 260. 

? Gernhardt, Quant. Spaltpilzunters d. Milch, Inaug. Dissert, Univ. Jurjew. 

3 Lehmann, loc. cit. 

4 Moore, Preliminary Investigations Concerning the Number and Nature of Bac- 
teria in Freshly Drawn Milk. Twelve and Thirteenth Annual Report of the 
Bureau of Animal Industry, U. 8. Dep’t of Agr., p. 261. 

’Backhaus and Cronheim, Ber. Landw. Inst. Univ. Kénigsberg, 2 (1897). 
pp. 12-32. Abstracted in the Experiment Station Record Vol. X, No. 1, 
p. 87. 

+ Bolley and Hall, Uberdie Kontanz von Bacterien Arten in Normaler Erste 
Roh Milch. Centralblatt fiir Bakteriologie u. Parasitenkunde. II Abt., 1 Band 
No. 22-23. 

H: L. Bolley, North Dakota Agricultural Experiment Station, Bulletin No. 21, 
p. 164. 
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The writer * has concluded, chiefly from a study of the bacterial 
flora of fore milk that (1) certain species of bacteria normally persist 
in particular quarters of the udder for considerable periods of time. 
(2) It is possible for bacteria to remain in the normal udder and not 
be ejected along with the milk. These conclusions controvert the 
statement that the milk ducts are always sterile at the close of the 
milking, becoming tenanted from the outside alone by organisms 
which chance to come in contact with the end of the duct. 

Moore pointed out the importance of a study of the bacterial 
flora of the normal udder, and to that end suggested that bacterio- 
logic examinations should be made of the udders of freshly-killed 
milch cows. After making a fruitless effort to obtain udders for 
the purpose from sound cows, he deemed it expedient to avail him- 
self of opportunities offered by the slaughter of tuberculous milch 
cows. In January, 1898, Dr. Moore and the writer, who was priv- 
ileged to associate with him, were given opportunity to examine the 
udders of six cows, slaughtered after reacting to the tuberculin 
test. The animals were apparently in good condition and the udders 
normal in appearance. The port mortem examinations showed the 
tubercular lesions to be restricted to a few small nodules in the 
branchial and pharyngeal glands.t After the bacteriologic examina- 
tion the udders were carefully scrutinized for tubercular or other 
lesions without finding them. The results of those examinations, 
briefly given in a former publication,t opened up a broad and 
almost totally unexplored field of research for dairy bacteriologists. 

The present publication contains a more extended account of the 
methods employed and the results obtained from examinations 
made in co-operation with Dr. Moore and of subsequent ones con- 
ducted by the writer independently. The udders of nineteen milch 
cows from five different dairies have been examined. Six of these, 
Group I, were made at Elmira, as already noted; two, Group II, at 


* A. R. Ward, The Persistence of Bacteria in the Milk Ducts of the Cow’s 
Udder. Journal of Applied Microscopy, Vol. I, No. 12, p. 205. 

+ The fact that the six animals were selected as the least diseased out of a herd 
of seventy-five condemned animals explains the apparently remarkable restric- 
tion of the tubercular lesions. 

¢ V. A. Moore and A. R. Ward, Bulletin No. 158, Cornell University Agricul- 
tural Experiment Station. 
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Albany; two, Group III, at Richfield Springs; five, Group IV, 


were made at Syracuse; and four, Group V, near Elmira. 


Mernops. 


The bacteriologic examinations of the udders have of necessity 
been confined to those of tuberculous milch cows. But in no case 
was the udder tuberculous or otherwise abnormal in appearance. 
Whether or not a few tubercular lesions in organs far distant from 
the udder bring about an abnormal invasion of the udder by bacteria 
is a question which the writer, in the absence of evidence to the 
contrary, is inclined to answer negatively. 

Just before slaughtering samples of the fore milk were taken and 
the animals milked as. thoroughly as possible under the exciting 
conditions surrounding them. For convenience in noting results 
the gland was divided arbitrarily into three parts, as follows: (A) 
The lower third, including the teat and cistern ; (B) the middle third, 
which includes the lower half of the gland proper, and (C) the upper 
third, which includes the remaining portion of the gland. After 
the cow was slaughtered the udder was carefully removed. The 
skin was reflected and a flamed knife was used to make an incision 
extending from the upper part of the udder to the cistern, and of 
such depth as to expose tissues in the vicinity of the vertical axis of 
the gland. Alcohol lamp, scalpels, curved scissors, tenaculum, 
tweezers and platinum loop were found useful in this and in the 
following proceedings. In making cultures from the glandular 
tissue care was taken to prevent milk of the ventral region from 
coming in contact with the freshly exposed surfaces which normally 
lie above the cistern. Bits of tissue were detached with flamed 
scissors and transferred to culture media by the use of a flamed 
platinum loop or tweezers. In some of the earlier examinations 
made tubes of gelatin and slanted agar were inoculated in this 
manner from each of the three arbitrarily designated divisions of the 
quarter. Later, after it was recognized that bacteria are broadly 
distributed in the udder, the use of slanted agar was discontinued, 
as it did not permit of the isolation of species. 

Upon returning to the laboratory, the gelatin was liquefied at a 
temperature not exceeding 87°C. and poured into sterile Petri 
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dishes, where it again became solid. Agar plate cultures were made 
from the milk samples, and, together with those slanted agar cul- 
tures already inoculated, were placed in the incubator. The agar 
plate cultures were designed to be used as a check upon the reli- 
ability of the conclusions reached from an examination of the other 
cultures. For instance, it might be possible than organisms which 
appeared to have been obtained from the interior of the udder may 
have lodged upon the bits of tissue during the transfer. The iden- 
tity in cultural and morphologic characters of bacteria found in the 
fore milk and in the glandular tissue of the udder would largely 
eliminate a source for false conclusions. 

The tubes of slanted agar, after standing in the incubator for 
several days, were examined particularly with reference to the 
presence or absence of growth. Note was taken of the color and 
character of the growth of the colonies, and sub-cultures were 
made. 

The gelatin plate cultures * were in like manner examined, and 
furnished a more satisfactory method for obtaining pure cultures. 
With these, a direct comparison made it possible to trace the pres- 
ence of the same organism in the three localities. In order to prove 
that these identities existed, sub-cultures were made for a more 
detailed comparison later. The plate cultures made from the milk 
were examined and sub-cultures were made from all of the appa- 
rently different colonies. 

In the examinations of udders 7 and 8, bits of tissue were brought 
to the laboratory in sterile test tubes. They were then placed in 
cool liquid agar and treated thereafter similar to gelatin. The 
results from this use of agar were less satisfactory than those from 
gelatin, since the growth of most species is less distinctive upon 
agar. . 


* The gelatin plate pictured on the first cover page gives an idea of the num- 
ber of colonies occurring in the cultures made from the glandular tissue of the 
udder. The culture was rather old when photographed. Hence the colonies 
are larger and have become more confluent than when first examined. The bit 
of glandular tissue may be seen as an irregular shaped black area near the center 
of the plate culture, The illustration is about one-half the diameter of the 
original plate. 
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BacrerioLogic EXAMINATION OF THE GLANDULAR TIssvE. 


Group 1.—In this examination* a large number of sub-cultures 
were made. The growth of the cultures was studied on several 
kinds of media and each was examined microscopically. They were 
found to be nearly all micrococci and to belong to one of three 
species. A spore bearing bacillus belonging to the Bacillus subtilis 
group and another organism probably B. fluorescens liquefaciens 
were occasionally encountered in this and the following examina- 
tions. It is possible that they are contaminations, but our lack of 
knowledge of the bacteria in freshly drawn milk renders it unsafe 
to deny their presence within the udder. A number of other cul- 
tures, each found in but a single instance, were discarded. The 
writer does not wish to be understood as offering the following 
brief summaries of cultural characters as full descriptions. The 
loss of most of the cultures has rendered it impossible to present 
but little more information concerning their cultural characteristics 
than was considered in classifying them into the three groups of 
similar cultures. 


Micrococcus No. 1. 


Morphology.— A. micrococcus about 1» in diameter. 

Staining.— Stained readily by the common anilin dyes. 

Agar.— The growtht is white, shiny and viscid rather than 
friable. 

Alkaline bouitlon.—This medium becomes slightly clouded with 
the deposition of a white sediment easily disseminated by agitation. 
The reaction remains constantly alkaline. 

Ten per cent gelatin, stab.— Colonies are white and are very 
slightly depressed, due apparently to a slight liquefaction. In a 
stab culture the needle’s path is marked by a whitish growth. The 
surface exhibits a white colony of creamy consistency, but no gene- 
ral liquefaction occurs even after a month’s growth. 


* The writer is indebted to Dr. Cooper Curtice for the privilege of examining 
the above group of udders. 

+ The temperature, except in the case of gelatin cultures is to be understood 
as 37.5 degrees centigrade. 
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Fermentation tube-— Growth in one per cent solutions of glucose 
and of lactose in bouillon occurs only in the open arm of the tube. 
The reaction remains alkaline. 

Milk.— Litmus milk remains blue and is not visibly changed. 


TABLE No. I. 


Ture Source or Pure Currures or Micrococcus No. 1. 


Udder. Quarter of udder. Region. 
IN Gs SD elton, a Bitd pierces: Richt stones ae. leit cio Fore milk and strippings. 
eter lara crsinin ose sks SEK igh RInd’.".) 2 = 5 spo west B (see description of diagram). 
See Soc. 3 Mets ous ouse Hight fOLe: oc. a6 s0asie Ac (as! ve a | 
CIPO See I O° aval crsnctens Rett TONES ons eo ote a ae A, C, also fore milk. 
Ravibel Letctaspiaice sein oi Righifore sds so4 2h ae Fore milk. 


Micrococcus No. 2. 


Morphology.— A micrococcus about 1» in diameter. 

Staining.— Stained readily by the common anilin dyes. 

Agar.— Color* varies from cream white to ocher depending upon 
age and other undetermined conditions. During active growth the 
color assumes successively the tints lying between cream white and 
ocher. The color is the distinguishing feature of the growth upon 
agar. The color of old cultures fades. 

Alkaline bouillon.— Growth renders the liquid clouded, with the 
deposition of a yellowish sediment. Reaction remains constantly 
alkaline. 

Milk.— Milk is coagulated in from three to five days. 

Ten per cent gelatin, stab— This medium is gradually liquefied, 
the fluid becoming turbid, while a yellowish sediment is deposited. 
The liquefaction extends downward in a zone involving the whole 
area of the tube, but preceded slightly by a pit following the track 
of the inoculating needle. 

Fermentation tube.— Growth in one per cent solutions of glucose 
and lactose in bouillon, occurs only in the open arm of the tube. 
The reaction remains alkaline. 


* The writer employs Saccardo’s color chart for the nomenclature of colors. 
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TABLE No, I. 


Tue SourcEe oF Pure Currurres or Micrococcus No. 2. 


Udder. Quarter of udder. Region. 
BIN (ONUSIS Bera trecte hee rere arson tee ener Lett shim da. aac ..\tcheeerese aeeter IAC 
SLPS. . suey tgtepe tha ole aaa EEE get Right dnindnp er tetas ee B 
Sem ad oot 5 <2 gages sree eta GEeve eer FRE NG TOC ns ais.ords)s-o ass oe OE A. 
eee eD era rettpe Rene aa ate SUT erel aeons aes Rightgonret sae aca B. 
Plight ait Sremelocatt ac iSiine aoe Ae Monencue ys Right shores... Ae scoters. pee A. 
| t 


Micrococcus No. 3. 

Morphology.— A micrococecus about 1» in diameter. 

Staining.— Stained readily by the common anilin dyes employed 
in the laboratory. | 

Agar.— Growth is lemon yellow in color and somewhat viscid in 
consistency. 

Alkaline bouillon.— The fluid becomes slightly clouded with the 
formation of a lemon yellow pellicile and deposition of a sediment 
of the same color. The reaction remains alkaline. 

Milk.— The casein is precipitated in six days with an alkaline 
reaction. It is rapidly digested during the few following days, form- 
ing a yellowish liquid. 

Ten per cent gelatin, stab— This medium is gradually trans- 
formed by liquefaction into a fluid of yellow color. 

Fermentation tube.— Fermentation tubes containing a one per 
cent solution of glucose or of lactose in bouillon, show a cloudiness 
in the open arm of the tube only. The reaction remains alkaline. 


TABLE No. III. 


Tue Source or Pure Curturres or Micrococcus No. 8. 


Cow. Quarter of udder. Region. 
Wot. 203 L0 IE GGG. otek Right hinge. RAO, Gk we B. 
PON OA Bes etki t Mee ee Sistas sre Beane ore STEM Right TONG ets Peet. oplen neee A. 
Sie CMa Siaist hac ced retraite reo RUNG POLE assis tein siete ore roar B. 


‘PUL carisemiiao aiabotaectsetes Right@ores. eo tieasssiceiacs oe aN 
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A considerable number of tubes of slanted agar were inoculated 
with bits of tissue, the size of a pea, taken from the several regions 
of the six udders comprising group 1. The results are summarized 
in the following table. 


TABLE No. IV. 


Agar Stant Curtures Mapr rrom Uppers, Group 1. 


pee Source. Resulting growth. 
* | lated. 
1 26 | Regions A, B and C of} In 22, a confused mass of white, ocher 
four quarters. and lemon yellow colored colonies 
of micrococci. Nos. 1, 2 and 3. 
In 4, B. subtilis (2) only. 
2 5 | Milk, right fore quarter. | Pure culture of micrococcus No. 1. 
Region A, right fore quar | Pure culture of micrococcus No. 2. 
ter. 
Region B, right fore quar | Micrococcus No. 1 and spore bearer. 
ter. 
Region C, right fore quar-| Clear. 
ter. 
Region C, right fore quar} Pure culture of mocrococcus No. 1. 
ter. 
3 15 | 5 each from A, B, OC, right] 3 remained sterile, 12 exhibited a con 
fore quarter. fused mass of colonies of species 
1, 2 and 3. 
+ 8 | A, Band C of right fore] Confused mass of colonies of species 
quarter. 1, 2 and 3. 
5 18 | A, B and C of right fore] 1 from A remained sterile. Remainder 
quarter. showed species 1, 2 and 3. 
6 23 | A, Band C of four quar-| 6 overgrown by a member of B. sub- 


ters. 


tilis group. Remainder presented 
a confused mass of species 1, 2 
and 3. 


SS NNN E——E———————E—EEE———E—E————————EEEE——————— 
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Udder No.1. 


Right Forte Right Hine Left Face. Left Hind 


No.1. No. L 


” 2. 


No 1. 


Not Examined 


fu Examined 


None No. 3. No. 4. No. 5. 

No gtowth on twe gelatin 
plates A third contains 
No. 1. 


Nal 
mn pure 
Culture 


No growth on twe gelatin. 
plates. Two others have 
a bacillus in pure 
cultute. 


No gtowth an gelatin 
plate No.2 recognised! 
twice on agar slant. 


Nogtowth an 
gelatin 


Not 
Examined 


Udder No6. 
Left Fore 


Right Fore Right Hind Left Hind 


N 

ot : No.1. 
Examined 
Not 
Examined 


Not 
Examined 


A Graphic Representation of the Bacterial Flora of Udders Nos. 1 to 6. 


The areas designated by the letters A, B, C, indicate the three arbitrary 
divisions into which the gland was divided for purposes of examination. A fig- 
ure (1, 2, or 3) in the canal of the teat indicates that a culture of the micrococcus 
bearing that number was isolated from a sample of the fore milk. Figures else- 
where indicate that either a pure culture of the species in question was obtained 
from the place indicated or that colonies of that species were recognized from 
peculiarities of growth. One-quarter only of udders Nos. 2, 3, 4 and 5, three of 
No. 6 and four of No. 7 were examined. 
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TABLE No. V. 


SumMMARY OF RESULTS OF THE BacrERIOLOGIC EXAMINATION OF 
Uppers Nos. 1 To 6. 


Gelatin plate cultures. 1 Agar slant cultures. 


Bo eet eee eons: = rand. is earn 
i oped. A 1 | Numerous. 2 | 1st. ; B. subtilis (?) 
only. 
2d. Species No. 2 on 
tissue. 
B 0 | No cultures made. 2 | Ist; B: subtss (2) 
only. 
2d. White, ocher and 
lemon colored cocci. 
(No. 1, 2, 3.) 
C 0 | No cultures made. 1 | White and ocher cocci. 
(No. 1 and 2.) 
R. H; A 1 | 16 colonies of two 1 | B. subtilis (?) and spe- 
species. cies 1 and 2. 
B 2] 1st. Liquefied JB.) 7 | Allshows Nos. 1 and 
Jluorescens liquefa- 2, and B. subtilis (2). 
ctens (?). | 
-2d. Colonies like re- 
gion A and B, flour- 
escens  liquefaciens 
(2). 
C 2 | 1st. Liquefied by a 6 | All show species Nos. 


Jluorescens liquefa- land 2. 5show B. 


ctens (?). subtilis (2), 1 shows 
2d. Same but shows| B. fluorescens lique- 
colonies like region Saciens (?). 
LORS A 1 | Liquefied by B. fluor- 2] 1st. Shows species 
escens liquefaciens No. 1 and B. sub- 
2): tilis (?). x 


2d. White and ocher 
coccus. Nos. 1 and 
23 


B 0 0 
C 0 0 
1 a: 8 A 1st. Shows 10 colonies 2| B. subtilis only in 
of No. 1. both. 
2d. Numerous. 
B 0 2 | Nos. 1, 2, 3 in both. 
C 0 Hate Nes. 15223: 
AAs A 2 | 1st. No. 1 and 2 fungi. See Table IV. 
2d. Fungous growth 
over plate. 
B 0 See Table IV. 
C 2] 1st. No. 2 on tissue. See Table IV. 
2d. Clear. 
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Udder | Quar- Re- No 
No. ter. gion. | made 
3) Reek, A 2 
B 1 
Sh. eee 
4)/R.F A 1 
B 1 
C 0 
5|)/R.F A 4 
6 | R. F. 7\B Bae eae 
B 1 
; G.|AL0 
RB: A 1 
B 0 
C 0 
L. H. A 1 
B 0 
C 0 
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Gelatin plate cultures. 


Colonies. 


1st. Fungus on tissue. 
2d. Clear. 


Fungus and B. fluor- 
escens  liquefaciens 


Several colonies of 
white and of yellow 
cocci. 

Fungus over plate. 

Clear. 


2 clear, 2 contain 10 
and 50 colonies re- 
spectively of a ba- 
cillus. 

2 clear, 1 contains 6 
colonies of a_ba- 
cillus, 1 contains 6 
colonies of white 
coccus. (No. 1.) 

Liquefied by a bacil- 
lus. 

Three or four colonies 
of No. 2. 


Four colonies of No. 
) 


ee 


Fifteen colonies of 
No. 2. 


TABLE No. V —Continvep. 


18 


Agar slant cultures. 


Colonies. 


These and the cul- 


tures from B and C 
with three excep- 
tions contain Nos. 1 
and 2. 

See above. 


See above. 


Eight agar slant cul- 
tures from regions 
A, B and C showed 
growth of Nos. 1, 
2 and 3. 

1 culture clear, 2 con- 
tain B. fluorescens . 
liquefaciens (?), 15 
others from the va- 
rious regions show 
colonies of Nos. 1 
and 2. A few show 
B. subtilis (2) also. 


Nos. 1, 2, and B. sub- 
tilis (?) in each. 

All show B. subtilis 
(2?) only. 

2 show Nos. 1 and 2, 
1 B. subtilis(?) alone. 

B. subtilis (?) only. 


No. 2 and B. 
tilés (?). 

B. subtilis (?) only. 

ist. No. 2 and B. sub- 
tilis (?). 2d. White 
coccus and B. sub- 
tilis (?). 

1st. Shows No. 1. 

2d. No. 1 and 2. 

1st. No. 1. 

2d. B. subtilis (2). 


sub- 
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Group II—In January, 1899, an opportunity was offered for 
the examination of two more udders in the manner already 
described. During the examination of the gelatin plate cultures 
two apparently different colonies were distinguished as predominat- 
ing. Sub-cultures were made from these, but were lost before they 
were compared with the three cultures from the preceding exami- 
nation. Nevertheless a tabulation of the results from an examina- 
tion of the growth upon the gelatin plates will be of interest in its 
bearing on the subject of the general invasion of the normal udder 
by bacteria. Species No. 4 is a bacillus liquifying gelatin. Species 
No. 5 is probably identical with No. 2. 


TABLE No. VI. 


SumMARY OF ReEsULTS OF THE BacTErRIoLoagic EXAMINATION OF 
Upper No. 7%. 


QUARTER OF UDDER. Region. No. of colonies. Species. 
Ruen TOPEs ses ces tee cee e e an Siencmetele seis CMrasta staan ciate No. 4. 
ae SURE 8 real SAR NT eT oe Beastects ake Loe. Brea aoe are Us 
se 10.2 yah. Danses Alan yi teat ali iso chtee or toe Ober scsit ee Hone 
a Sie Cae lasek ds Chiveings F325 1S 24s SRR SSP gs 
ie hii. 525 bic ease a acie se OE gia eat sic ye NONG 35 Ss: 
fr ide ie AS Fee be oP aS Pe a Bet sk MN. None ...222% «; 
os COUN fs Birra case eee ae a ORs saa Gateds INone Hise 220 
HW TURMAELOLC ee sexaicsete Ges oieis ochorate YA eae jl easton: oie Os 
“s Se alls Ero Ga as Hickio ae Berets Se ieeeyee 100 to 200..... “ey 4. 
+ STM MINE 5. Sissies sSieeenecs CIEE, See sie Eom mab oie ey: 
DAN DAES IIS: ted beer Bk badas. 
Mette Dingo ccd be. See clots Cistern milk fe Seen ne, © pee 
“¢ = Tila edie eli ga pacaeaet tt / 9 RSA, AA anh ay a ea Bae Say 
Wy seen ‘cetera ets sotat ote «ae ey Baz hats owls None. 322%. < 
as So NE a ore Err i Cra nin aa GRADED DOME, zs etivetionce SORA: 
% $0 TAR ae PDE Cistern milk Bree Tits... SP: 
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TABLE No. VII. 


SumMARY oF ReEsvuLts oF THE Examination or Upper No. 8. 


QUARTER OF UDDER. Region. No. of colonies. Species. 
| = 
Right pforeis.cizodt. as sen. « A. O81 20 12 BRB LATS No. 5 
mee SETS Soe ns Gage aes Fel 3 PR Se ae DOS vas oar * Sei 
x oa Sd EAS Bie SS ee SGM Gr a Aare ae ead & reas) 
Right hind . =e O84. steer Le 
Feat iglinenk eines Renitiet a. fs wade BONER ES ans, sve sey 
re SO - seis el aes Waster Bisitmad.s 2 825.4. RRA Se “Sea 
ef Sse Ae eeto Bae Ge Ree ; C Lose t Stone otocegen ei 
aS Se Wa Racks ernehe ese iets a] (Cas, s ONG, Tae OVE Ce ah 
Weitwetores 2h as ates aes PAC ire ctemapaeteretecs A Sieh oe neeres te 
a Se Pe eed een Ae Bion Danse h sans, obese 2 
: y Sie aac notin Mees ran (Ohne: Aeane Desens ohetehere aaveyate 2 
eft ehind sis. ok ee oer BOTS, SEARS Clears. 2: jos ? 
5 pM NiPareve Soheusls tic ergetees 1 Bee Sea crea IE Hae Se ptio biG c “Sond 
x See RO TRIS An eer RET Cs | COR regi ce ser Ate Roeeeioumes S oo > 9 


* Notes incomplete. 


The examination of the agar plate cultures confirmed the conclu- 
sions drawn from the examination of the gelatin plates. Owing to 
the fact that (1) the colony growth of species is never so distinctive 
on agar as upon gelatin, and (2) that micrococcus No. 2 assumes a 
diversity of shades on agar, the results obtained from the exam- 
ination of the agar plates do not lend themselves to a concise 
tabulation. 

Group [I[— An examination of udders 9 and 10 confirmed the 
results of previous examinations. Every culture from the regions 
A, Band C of each quarter of the two udders showed growth. 
Neither sub-cultures, nor further study of the plates were made. 

Group I V.—In the examination of these udders gelatin only was 
used, experience having demonstrated its superiority. As in the 
former examinations, the results indicated an extensive invasion of 
the udder. In practically every quarter, it was possible by com- 
parison of the gelatin plates, to observe the similarity of the bac- 
terial flora in each of the regions A, B and C. Two species of 
micrococci were found in considerable numbers in all of the udders. 
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Micrococcus No. 6. 


Morphology.— A micrococcus about 1 in diameter. 

Staining.— Stained readily by the common anilin dyes in use in 
the laboratory. 

Agar.— The colonies are circular, viscid, white, but assume a 
cream color later. The growth on agar slant cultures is white, 
shiny, pasty, with an irregular border. The condensation water is 
clouded with flocculent sediment. 

Alkaline bouillon.— The liquid becomes clouded with the depo- 
sition of a whitish sediment, easily disseminated by agitation. — 

Ten per cent gelatin.— Colonies are circular, varying in color 
from cream to ocher, and each occupying a slight indentation in the 
medium. Later, the area of liquefaction becomes larger and the 
colonies disintegrate into grandular masses floating in the liquid. 
In the stab cultures the needle’s path is marked by a white dotted 
growth, more abundant near the surface. The liquefaction extends 
downwards in a few days forming a liquefied area involving the 
whole width of the medium. The center becomes liquefied some- 
what in advance of the edges, forming a cone-shaped liquefaction. 

Milk.— It remains fluid even after months, with the accumulation 
of a yellowish sediment in the bottom of the tube. Litmus milk is 
unchanged in color. _ 

Fermentation tube.— Growth in one per cent solution of glucose, 
lactose and saccharose in bouillon occurs only in the open arm of 
the tube. The reaction remains alkaline. 


TABLE No-VILL. 


Tue Sources FRoM wHicH PurE Cuttures or Micrococcus No. 6 
WERE OBTAINED. 


Udder. Quarter. Region. 
RMON Poet ek. Seles « fiscats ara att ite Sinitis oie oe Right fore..... A 
2000 GSR eee Be ravelsie o) asdoieiele Cre weer heii fore. ore =. A 
PANIES cotta felsdore\c) cueiave.s’ shal'n ss cic;'s/syw'ee s stele oes Melt tore ss. Ss B 
“Bea lite ie AO AS Es OTL eee Right hind ..... B 
“! oj ln ce Soh Be SEARERIINS SRR a TE ren ae eimese Right hind .... | C 
en a ce all cee. Bie seni cin, s arawrgiety 8 ote hrs 3 Right: hind ...°.'.:. B 
vill lens Saaeesctame Soo ah eee een tee Sena ra Mert nInG esha | A 

OS aD SS ee! 3 a 5 ee anes need Re a ene .| Left fore........| Fore milk. 
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Micrococcus No. 7%. 


Morphology.— A micrococcus about 1 in diameter. 
Staining.— Stained readily by the common anilin dyes used in 
the laboratory. 
Agar.— Smooth, shiny, white growth upon agar slant cultures. 
Bouillon.— The liquid becomes uniformly clouded with the depo- 
sition of a whitish sediment. 
Gelatin.— The growth is similar to that of No. 6, except that the 
colonies of No. 7 are always white. 
Milk.— It is coagulated with an amphoteric reaction in three 
days. 
TABLE No. IX. 
Tue Sources FRoM wHicH Pure Cuurures or Micrococcus No. 7 
WERE OBTAINED. 


Udder. Quarter. Region. 
INOS Tae ee te eee Coe eo ans lee ae tram eta Right hind ..... Fore milk. 
Kscovdile . Satyapriyae  Webeelastael. sheskyenee foetee ettrhind yeast A 
Tsay Sat tae etatic seat gue ites ESS Saceue St eaters alindeiote col etone Right fore...... B 
REO NEG FOG DEE DRAG OD fee Rae Right fore ..... C 
Se Boe RR ONE ROR AER eater Eno otr De Right fore...... B 
EA, eee Rat en ie Beat ee Lye eters ike ls Teretore one Right hind ..... A 
etl Dives menreethe | «a aeety lide kere fdas Right hind..... A 


FABLE No. X. 


SumMARY oF ReEsuLts oF THE EXAMINATION OF GELATIN PLATE 
CuLTuRES FROM Upper No. 11. 


Udder No. 


Quarter. 


Region. 


eee eter 


eile cele) wifeirw 


see wees 


a ey 


see ewes 


a 


No. made. 


Observations. 


Numerous. 

Six colonies and mould. 

Exceedingly numerous. 

Exceedingly numerous. 

Numerous. 

Numerous. 

About twenty-five colonies. 

Numerous. Liquefied B. subtilis (?). 

Very slight growth borderingt issue. 
Numerous. 

Tissue ocher colored, five colonies. 

Numerous. 
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TABLE No. XI. 


SumMMARY OF RESULTS oF THE EXAMINATION OF GELATIN PLATE 
Cutrures or Uppers 12, 13, 14, 15. 


Udder No. | Quarter. Region. No. made. | Observations. 
1 ae hake Aca ac ee Entirely liquefied. 
Bern cat De.) ees Numerous. 
| CNR GS 1... ae Numerous. 
| Lgl De ee AUR recs Leos eee Entirely liquefied. 
Bi. giaiite by Bisa «0 Sa Slight liquefaction near tissue. No 
colonies. 
Oye a3 A? . 2: ee About twelve colonies. 
Co ae Ti Bae fa 1 Fungus. 
Brees te T:... ee About twelve colonies. 
Cid os Soi belles >. emme About eight colonies. 
Alesis aie © Fee Beye UCP: a 1... ae 100-200 colonies, many liquefiers. 
BIAS: t..<Jeee Completely liquefied. 
eae 1.... ee Completely liquefied. 
155d ale JeNep hes onto TD.5 . ee 100-200 colonies. 
Beridaeta Le... doe Fungus, and numerous colonies. 
F ONE asta ge Few. 
TELS. MEL: Bit. Ais). BE A) ..: ee Fungus, and about 100 colonies. 
Bee gag sae 1... ao About twenty-five. 
ON eee PP )2 ere Few. 


Group I V.— An examination of udders Nos. 16 to 19 inclusive 


is being made just as this publication goes to press. 
cannot be discussed in detail at present. 
generally distributed in the fore milk and the four udders. 


The results 
A bacillus is found quite 
This 


bacillus agrees with the micrococci, heretofore obtained, in its long- 
deferred action upon milk. At37.5° C., after five days the casein of 
milk is precipitated with an alkaline reaction. The coagulum is sub- 


sequently digested. 
Tuer SrructurRE or THE UDpDER. 


A study of the relations of the milk channels and reservoirs of 
the udder tends to strengthen the conclusions that the udder may 
be normally invaded by bacteria. Figure 58 shows a plaster of 
Paris cast of the lower portion of one-quarter of an udder. The 
duct of the teat and the milk cistern (galactiferous sinus), are plainly 
The plaster penetrated the fine lactiferous ducts of the 
udder, but owing to the fragile nature of the cast it was impossible 
to dissect away the tough tissue without ruining the model. 


shown. 
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There will be seen in figure 58 a slight constriction indicating the 
boundary between the duct of the teat and the milk cistern proper. 
In the examination of the udders incident to the bacteriologic work 
care was taken to ascertain if there was present a distinct barrier 
separating the milk cistern 
from that of the teat. Such 
was not found. There was 
seen, however, a considerable 
variation in the size of the con- 
striction in the different quar- 
ters of the several udders. 
The presence of circularly dis- 
posed plain muscle fibres in 
the constriction of the mucous 
membranes and in the mucosa 
throughout the whole length 
of the teat has been demon. 
strated by the writer by histo- 
logic methods. The point to 
be emphasized is that no ob- 
struction capable of excluding 
bacteria from the milk cistern 


exists, except, perhaps, the 


Fig. 58.— A plaster of Paris cast of the 
interior of the teat and milk cistern 
of one quarter of an udder. 


sphincter muscle at the lower 
end of the teat.* 

Plate 1 shows much better 
the system of milk channels in the udder. One-half of the udder 
of a cow was injected through the teats with a mass of hot gelatin 
containing lampblack in suspension. After cooling, which solidi- 
fied the gelatin, a section was made and photographed. The gela- 
tin was previously removed from the cavities of the teat, milk 


* Dr. R. G. Freeman has observed that the milk of some cows when drawn 
from the udder with aseptic precautions shows a considerable bacterial content 
even after the milking period is more than half completed. He has also found 
that this invasion is much more marked in the udders in which the ends of the 
teats are imperfectly closed by weak sphincter muscles than in those possessing 
teats which are firmly closed at their lower extremities.— From unpublished data 
furnished by courtesy of Dr. Freeman. 


INVASION OF THE Upper By Bacrerta. 299 


cistern and its larger ramifications, in order to show the lining 
raucous membrane of those cavities. Since the udder was not’ 
secreting milk when the cow was killed, the glandular tissue occu- 
pied the minimum amount of space. This resulted in a general 
darkening of the udder by the lampblack without the contrast which 
would have shown more clearly the individual lactiferous duets. 

The free communication of the milk cistern with the more minute 
lactiferous ducts is at times interrupted by the sphincter muscles 
described by anatomists as present in those ducts. There is little 
ground, however, for considering them as serious barriers to the 
progress of micro-organisms one twenty-five thousandth (g5445,) of 
an inch in diameter. 

That the milk ducts of the teat normally harbor bacteria is 
admitted by all. Some few, with whom the writer agrees, assert 
that the milk cistern normally harbors bacteria. Such being true, 
there is little reason to doubt that bacteria may find their way through 
the fine ramifications of the milk cistern (lactiferous ducts) to regions 
remote from the teat. Pathogenic organisms certainly do so when 
the udder is diseased and to conceive that harmless ones do so in 
health is not difficult. 


Tue ImporTANCE OF THE PROBLEM. 


It will be noted that none of the species of micrococci isolated 
from the udders are capable of rapidly souring milk. They are, on 
the contrary, inert as regards their immediate visible effect. A 
similar fact has been noted by Dinwiddie* in regard to the bacterial 
flora of the fore milk of two cows studied by him. 

Bolley+ likewise has expressed his belief “that comparatively few 
forms may multiply within the normal udder, and that these are 
perhaps scarce to be considered as detrimental forms.” 

The writer has repeatedly isolated micrococci from the fore milk 
of the University herd, apparently identical with some of those 
found in the udders of the freshly slaughtered milch cows from the 
herds mentioned elsewhere in this bulletin. 


*R. R. Dinwiddie, Arkansas Agricultural Experiment Station, Bulletin No 
45, p. 56. 
+H. L. Bolley, North Dakota Experiment Station, Bulletin No. 21. 
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On the other hand, Moore* has isolated species from the fore 
milk which were capable of rapidly souring milk and hence of great 
importance to the dairyman. 

The methods+ employed by the present writer unfortunately 
were not such as would have permitted the recognition of Bacillus 
acidi lactict had it been present. Esten has found this organism 
in the fore milk of several cows and has shown that it grows best at 
the temperature of the cow’s body. He has suggested that Bacillus 
acid lactict in milk may come originally from the milk duct of the 
teat. A further examination of the lactiferous ducts of the udder 
employing methods adapted for the easy recognition of acid pro- 
ducing organisms would be of the greatest interest. 

The principle at stake is an important one. If harmless species 
invade the udder, certainly there is a possibility that species capable 
of injuring milk, but harmless to the cow, may be present. Moore 
and the writert have studied a gaseous fermentation occurring in 
cheese curd in which the gas producing bacteria appear to have been 
localized in the udders of the cows supplying the milk used in the 
factory. 


The ineffectual attempts to obtain milk in commercial quantities 
uncontaminated by bacteria can be directly ascribed to the presence 
of bacteria within the depths of the udder. Since the dangers from 
the contamination of milk by fecal matter, etc., have been recognized 
the advisability of Pasteurizing all milk and cream which are to be 
consumed raw, has been considered. The application of that sugges- 
tion causes some undesirable changes in the heated milk. Among 
these are: loss of property of creaming readily and of the most 
importance in milk for infants’ food, the alleged lessening of the 
digestibility of heated milk. To obviate this difficulty, attempts 
have been made to bottle milk directly from the udder with the 
exercise of such precautions as to prevent contamination by bac- 
teria. Milk drawn with rigid care, after rejecting the fore milk 


* Loc. cit. 

+ W. M. Esten, Bacillus acidi laciti and other acid organisms found in American 
dairies. Ninth Annual Report of the Storrs Agricultural Experiment Station, 
p. 49. 

¢ Loc. cit. 
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and hermetically sealed in the bottles may remain sweet during an 
ocean voyage to Europe and return. That milk, drawn with such 
care, is not sterile, and that it ultimately teems with micro-organisms, 
althongh sweet to the taste, is a fact which the writer has been 
assured by unquestionable authority. Such behavior of milk might 
be expected from the character of the micrococci isolated from the 
udder, and is indicative of contamination from that source. 

Judged from the standpoint of the dairyman, who considers that 
souring is the one and only harmful change in milk, the contamina- 
tion of milk from the interior of the udder, so far as has been shown 
in this work, might be disregarded as unimportant. Until more is 
known of the ordinary and of the occasional bacterial inhabitants 
of the udder and of their ability to elaborate enzymes and toxic 
substances, the writer urges the recognition of that source of the 
contamination of milk. 


CoNCLUSIONS. 


1. The lactiferous ducts of the nineteen udders examined harbor 
bacteria throughout their whole extent. 

2. Our present knowledge concerning the place at which bacteria 
first gain access to milk should be expressed somewhat as follows: 
Milk, when secreted by the glands of the healthy udder, is sterile. 
It may, however, immediately become contaminated by the bacteria 
which are normally present in the smaller milk ducts of tne 
udder. 

3. The bacteria so far found in the interior of the udder appar- 
ently do not affect milk seriously. This, however, does not preclude 
the probability that forms more injurious to milk may invade the 
udder. 

4, The constant contamination of milk from the udder suggests 
an explanation for the frequent occurrence of certain “ dairy bac- 
teria” in milk. 

5. A study of the anatomy of the udder fails to disclose structu- 
ral features which could prevent the invasion by bacteria. 
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Cornett UNIversiry, ) 
Irnaca, N. Y., February 1, 1900. 3 
HonorABLE CoMMISSIONER OF AGRICULTURE, ALBANY : 


Srr.— It cannot be denied that the use of commercial fertilizers 
is a source of profit for the farmer when they are used in the right 
way. But the common way of using them is not the right way. 
The application of a complete fertilizer, without knowing whether 
the crop to be fertilized needs the three plant foods, or whether the 
yield may not be just as large if but one or perhaps two of them 
are supplied, usually results in waste. 

The purpose of the field experiments with commercial fertilizers, 
an account of which is given in part in this bulletin, was to interest 
farmers in testing their soils in order that they might learn what 
plant-food is deficient for the crops that they wish to raise, and also 
whether the commercial fertilizers used are more or less profitable 
than good stable manure. 

The results of these experiments have taught many farmers that 
they have not been using these fertilizers in the right way ; this 
work has also taught them how to experiment. To Dr. G. C. Cald- 
well, chemist of the Experiment Station, much credit is due for 
having inaugurated this plan of conducting field experiments. The 
work has been made especially effective by the zeal with which the 
author of this bulletin has superintended the experiments during 
the three years of their continuance. In his visits to a large number ~ 
of the farms where experiments were being carried on he helped 
and encouraged the experimenters by his valuable criticisms and 
suggestions. 

It is hoped that this work can be continued during the present 
year. 


I. P. ROBERTS, 


Director 
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INTRODUCTION TO FIELD EXPERIMENTS WITH 
FERTILIZERS. 


A difficult problem.— Some of the questions most frequently 
asked by farmers are these: What fertilizer shall 1 use on my 
land? How can J tell just what combination or mixture of plant- 
foods is best adapted to my soils? What is the best all round fer- 
tilizer? Such questions are among the hardest that can be asked 
in the whole field of agriculture. They cannot be answered off- 
hand in a day or a week; it may take months and in some cases 
years to answer them. Many a farmer spends his whole life on the 
farm without even trying to solve these problems, or without getting 
correct answers if he does try to solve them. 

What regulates crop production.— A farmer grows an acre of 
corn and harvests a modest crop of 10 bushels. What is the cause 
of this very poor yield? Sometiing must be wrong and it is for 
him to try and find out wherein the trouble lies. The poor yield 
may be due to one or more of several conditions. It may be lack 
of moisture, or too much moisture; the soil may be too acid; it 
may be deficient in either nitrogen, phosphoric acid or potash ; it 
may be too cold and heavy ; it may not contain enough nitrifying 
organisms to maintain a good supply of nitrates, or it may contain 
too many denitrifying organisms which destroy nitrates; it may be 
too compact and therefore may not leave enough air spaces between 
the soil particles ; capillary action may be imperfect ; there may be 
lack of humus; the texture may not be suitable to the crop grown; 
and so on. 

The law of the minimum.— This is most important with refer- 
ence to plant growth. It means that the one essential condition which 


is ata minimum, or is at the lowest grade, during the growth of a crop, 
is the one condition that regulates the amount of crop grown. 
For example, a field may have all the essential conditions favor- 


able for producing a large crop, except one. Let that one be a lack 
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of available phosphoric acid, then the amount of crop grown is regu- 
lated by the amount of available phosphoric acid present. If this 
quantity is increased, the crop will be increased. Toapply nitrogen 
or potash to this soil would be unwise, for it may be taken for 
granted that these plant-foods are already present in sufficient quan- 
tity for at least a fair crop. Again, suppose that the essential con- 
dition which is at a minimum is a lack of humus, or it may be an 
unsuitable texture. Then the total crop produced will be governed 
by the amount of humus or by the texture. If the amount of 
humus in the soil is increased or if the texture is improved then this 
soil becomes more productive. An application of commercial fer- 
tilizers to such a field would have little or no beneficial effect. 

It sometimes happens that some essential condition is at such a 
low grade, and is of such a character that the farmer can recognize 
it at a glance; for instance, a soil may be a very stiff, hard, com- 
pact clay, similar to a brickyard. Such a soil must be loosened and 
made porous and friable or mellow. Its texture must be improved 
before one could expect to obtain profitable results from the use of 
fertilizers. But if the farmer wants to make the most that he can 
out of his farm he will not stop here; for just as soon as one low- 
grade condition has been improved and larger crops are thereby 
obtained, some other condition may be at a minimum and conse- 
quently regulates the amount of crop produced. This becomes the 
condition to be sought out and improved in order that the produc- 
tivity of the soil may be raised to a higher standard. 

These essential conditions may be likened to a lot of jackscrews 
and the productivity or fertility of the field to a large house. If 
we wish to raise this house, we distribute the jackscrews in various 
places under it. If the house is to be raised without damage, every 
one of these jackscrews must be carefully watched and that one 
which is the lowest must be screwed up; presently some other screw 
becomes the lowest and that one in turn must be attended to, and 
so on with every one of the supports. 

If all the screws are carefully watched the house rises properly ; 
if only a part are watched and no attention is paid to the others, 
before long something is liable to be strained and the house may be 
badly injured. So it is with the fertility of a soil; each and every 


Fietp ExpreRIMENTS witH FERTILIZERS. 311 


one of the many conditions essential for raising a large crop must 
be carefully watched: those which are constantly falling short in 
consequence of the improvement of the others must themselves be 
likewise improved in order to keep the fertility up to its maximum. 
If only a few of the essential conditions are looked after, the soil 
will in time become less productive and the farmer becomes dis- 
couraged and sums up the whole difficulty by saying, “ Farming 
don’t pay.” On the other hand, a successful, wide-awake farmer is 
constantly trying to find out, and does detect and improve those 
conditions of the soil which are at the lowest ebb, and to him farm- 
ing does pay. 

Take for another illustration an actual case in which an import- 
ant condition, namely, capillary action, was at a low grade. Two 
adjacent fields were prepared for buckwheat; the same seed was 
used on each field; it was sown at the same rate per acre and with 
the same drill. Similar fertilizers were applied to each field; the 
amount applied and the manner of applying them were the same. 
For the results see the frontispiece. 

The only known difference between the two fields was this: one 
was thoroughly prepared, the other was prepared ina hurry. The 
thoroughly prepared field was plowed in advance of planting-time 
and the soil had settled somewhat, so that its capillary action had 
time to re-adjust itself and was able to pump up moisture from 
below to keep the seed-bed damp; consequently the buckwheat 
sprouted promptly and grew luxuriantly thereafter. 

The hastily prepared field was plowed just before the buckwheat 
was sown. The capillary action was broken up and did not have 
time to re-adjust itself, consequently the moisture from below could 
not rise to the seed-bed. The surface soil soon became dry and the 
buckwheat grew very slowly owing to the lack of moisture in the 
uppermost few inches of the arable layer. 

This season the author’s attention was called to another interest- 
ing case. A farmer planning to sow buckwheat started an early 
preparation of the soil. The headlands were plowed and also a 
narrow strip across the field, before night came on. Plowing could 
not be finished, however, until planting-time. Then the work was 
done hastily on the remainder of the field and the seed was sown. 
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The results were that the headlands and the narrow strip across the 
field that were plowed early, and had re-adjusted the capillary action 
before planting-time, yielded a large crop that even lodged consider- 
ably. The rest of the field was scarcely worth harvesting. 

The object of the experimental work.— This work was under- 
taken for the purpose of helping the farmers of the State to detect 
and improve some of the low-grade conditions of their fields. 
Experimental work with fertilizers, which is the subject of this 
bulletin, was taken up. It was the plan of the Station to send to 
such farmers as would agree to do the work, a sufficient quantity 
of the three plant-foods, nitrogen, phosphoric acid and potash, sepa- 
rately and in combination, with directions for a series of experiments 
for the purpose of determining whether any separate plant-food or 
any combination of them would increase the crops to which they 
were applied. The results of such experiments, carried out accord- 
ing to directions, should assist the farmer to decide what plant-foods 
his soils need, if any, for the production of satisfactory crops. 

If the series of experiments proves to be a failure, that is, if it 
gives no marked or definite results, it is still valuable. It at least 
shows the farmer that his soil is not in a condition to respond to the 
use of fertilizers, which means either that it is already well stocked 
with available food or that some one or more of the essential con- 
ditions other than plant-food conditions need looking after and 
improving before much money or time is spent on fertilizers. 

Extent of the experimental work and the results in gen- 
eral.— During the past three years 371 sets of fertilizers have been 
sent to farmers in various parts of the State. (See map, page 308.) 
The time at which the appropriation for this work became available 
in the spring was so far advanced, that in some cases the fertilizers 
were received by the farmers much later than they should have been 
applied to the soil; the results may therefore have been less satis- 
factory than might otherwise have been the case. 

A majority of the experimenters have been visited by a Station 
representative; in some cases photographs of the crops have been 
taken ; in other cases samples of soil have been sent to the Station 
for analysis. In general the farmers manifested much interest in 
the work and most of them took great pains with it. A few were 
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disappointed because it required so much “time and fussing.” Of 
all the experimenters only one failed entirely to catch the spirit of the 
work; owing to some misunderstanding he dumped the small sacks 
of fertilizers into atub, mixed them together, and applied the mixture 
on a small plat of land. He reported that he thought the fertilizer 
increased the crop somewhat —a report of no use to him or-to us. 

A number of the experimenters made the mistake of measuring 
off too small plats and consequently the fertilizers in some cases 
injured the crop. A large number did the work well and kept 
good records, but many of them unfortunately omitted the check 
plat without fertilizers. This plat was absolutely necessary as a 
standard for the measuring of the crops grown on the several 
fertilized plats. Without it the results obtained on the fertilized 
plats were almost worthless for the experimenter ; he could not decide 
whether or not any of the fertilizers had increased the yields, or 
whether any one gave a profitable crop. However, notwithstanding 
all these unfortunate drawbacks there were many experimenters who 
followed all the directions and felt that they had profited by the work. 

In 1897 and again in 1898, fertilizers were used at the rate of 
200 Ibs. of nitrate of soda, 400 Ibs. of superphosphate and 200 lbs: 
of muriate of potash per acre. Owing to the prevalence of acid 
soils, in 1898 it was advised to use lime when convenient, on half of 
each plat at the rate of two tons per acre. In 1899 the application 
of fertilizers was increased to 300 lbs. of nitrate of soda, 600 lbs. of 
superphosphate and 300 lbs. of muriate of potash per acre. 

Acid soils.— Within the last few years the subject of acid soils 
has been brought to the attention of farmers and questions are fre- 
quently asked about this acidity or sourness of soils. While travel- 
ing about the State, the Station representative had exceptional 
opportunity for testing various soils for acidity ; the tests were made 
by leaving blue litmus-paper in contact with the moist soil for five 
minutes. The presence of acid in the soil would be indicated by a 
reddening of the paper. One hundred and eighty-six tests were 
made in different parts of the State; of these, 160 indicated the 
presence of considerable acidity. Generally, the most acid soils 
were found to be uplands, usually sandy or light clay loams and 
especially soils underlaid with hardpan. In several cases low-lying, 
wet, muck soils were tested and were found to be free from acid. 
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Acid soils must not always be associated with poor crops. Some 
acid soils produce very poor crops, others luxuriant crops. The 
most thrifty cornfield seen during the season was growing on very 
acid or sour soil. The same was also true with potatoes. Experi- 
ments show that both corn and potatoes are not affected by acid in 
the soil. Potatoes grown on acid soil were better, smoother, less 
scabby and diseased than those grown on soil not acid. Many clover 
fields were tested and most of them showed acid, but usually the 
best fields would have the least acidity. Generally, common plan- 
tain and sorrel would be sure indications of free acid in the soil. 

Was the use of lime beneficial ? — Since the presence of acid 
in the soil was found to be so common, it was thought best to try the 
use of lime for correcting this acidity ; it was applied at the rate of 
two tons per acre, in some cases quicklime slaked on the field, in 
others air-slaked lime. Thirty-one field tests were thus made. 
Several months after this application these soils were found to be just 
about as acid, producing the same change of the litmus-paper as the 
adjacent soils which had not been limed. The use of lime by itself 
gave very good results in seven cases, injurious results in three cases, 
and indifferent results in twenty-one cases. When used in connec- 
tion with fertilizers, the results were in five cases very good, in 
four injurious, and in twenty-two indifferent. In two cases the 
use of lime was followed by an injurious effect upon the physical 
condition of the soil, consisting of clay loams, tending to make them 
hard and lumpy, rather than loose and friable. 

That the use of lime was not more often followed by marked fay- 
orable results may be due to the fact that the application was not 
large enough, or that it had not in that short time become thoroughly 
mixed in the soil. Its use is worth further trial and more serious study. 

Circular of instructions.— In 1898 and ’99 a special circular of 
instruction was sent to each farmer who was carrying on experi- 
mental work with fertilizers. 

The following is one of the circulars which was sent out in the 
spring of ’99 and returned in the fall. Spaces were left for record- 
ing the summer’s work and these were filled out by the experimenter 
according to the directions. That part of the circular printed in 
italics constitutes the actual report of the experimenter. 
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CIRCULAR OF INSTRUCTIONS 


CONCERNING 
FIELD EXPERIMENTS 
WITH 


FERTILIZERS 
No. 14. 


CORNELL UNIVERSITY 
AGRICULTURAL EXPERIMENT STATION. 
I. P. ROBERTS, DIRECTOR. 
Irmaca, N. Y., Aprzi, 1899. 

DEAR Sir.— We have ordered one set of fertilizers to be sent to you by freight. 
This set consists of two large sacks containing four 15 lb. sacks of nitrate of 
soda; two 15 lb. sacks of muriate of potash; two 30 lb. sacks of superphosphate, 
and two 45 Ib. sacks containing a mixture of 30 lbs. of superphosphate and 15 
lbs. of muriate of potash. 

We have also sent you a revised copy of Bulletin 129 of this Station. It contains 
many valuable suggestions about conducting field experiments with fertilizers. 

Circular No. 14 explains how to apply the fertilizers and how to keep a record 
of the season’s work. 

KEEP THIS CIRCULAR IN A HANDY PLACE, AND FROM TIME TO 
TIME JOT DOWN NOTES UNDER THEIR PROPER HEADINGS. FINALLY IN THE 
FALL RECORD THE WEIGHTS OF CROPS GROWN ON EACH PLAT, AND THEN 
RETURN THIS SAME CIRCULAR To G. C. CALDWELL, ITHaca, N. Y. 

Do not get this experimental work confused with another line of investi- 
gations with sugar beets which the Station is planning. 


SAMPLING THE SOIL. 


The first thing to do before applying the fertilizer is to get a good average 
sample of soil from that portion 


of the field on which the plats 
¥ hs, | Rey tate AAR are laid out. 

ross PN —————— Proceed as follows: With a 
een N oll ——- — ——_ spade with a square end dig a- 
5 I ~ ..... ... 4». hole the width of the spade and 
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SURFACE OF THE FIELD. 
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- oe nine inches deep, leaving one side 


Ova Cl .. \ Up off the hole vertical, and the other 

.- = — —— — — — side sloping just as in the cut. 

Clean out all the loose soil at the 

bottom of the hole; cut off from the vertical side a slice about two inches thick 

from top to bottom the full width of the spade; this slice represents one of 

the partial samples; in precisely the same manner take 10 to 15 other samples 
from different parts of the field. 
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Put all the samples together, after having picked out of each one all pebbles 
over + to4inch in diameter. In a clean box large enough to hold them all, or 
on some clean boards, mix the samples together as thoroughly as possible by 
stirring and shoveling over and over many times; then put four or five pecks of 
this mixture into a strong sack, or into a box about large enough to hold it, and 
tie the sack or cover the box tightly. The sack in which the fertilizers were sent 
must not be used for this purpose. Too much care cannot be taken in preparing 
this sample so that it shall represent the soil of the whole larger plat to be 
divided up into smaller ones for the experiments. 

Make a record of the field, as complete as possible according to the following 
plan: 


I— Location of Field. 
a — Upland. 
b— Lowland. (If lowland, do sidchills wash down upon it ?) 
c — Hillside, ete. 
Write answer here— The field was valley land and laid up towards the hills, 
The sidehill did not wash down on tt. 


II — Character of Soil. 


a — Sandy. 
b— Gravelly. 
c— Clayey. 


d— Loamy, etc. 
e— How deep is surface soil? 
f —Is there a hardpan; if so, how deep is it? 
g — Does soil hold moisture, or dry out rapidly? 
Write answer here — 7’he soil was dark loam and a litile gravelly. The surface was 
from 10 to 12 inches deep with no hardpan and rather inelined to hold the moisture. 


III — Fertility of Soil. 

a — Does the soil possess the required amount of plant-food, or does it ‘‘run 
down” quickly and need enriching? 

b— Have manures or fertilizers been applied in past years? If so, how 
often, what kinds and how much per acre? 

Write answer here — Whe soil possessed a good amount of plant-food and does not 
run down easily. It has been manured about once in four years, generally 20 tons 
per acre previous to raising a crop of corn in rotation. 

IV — History of Crops Previous to 1899. 

What crops have been grown and how much yield per acre, in past years? 
In case of cereals give the number of bushels of grain and tons of straw 
or stalks per acre. 

Write answer here — Had raised in past years a rotation of hay, two years yield- 
ing from two to four tons per acre ; then manured for corn or potatoes, either yteld- 
ing good crops —corn 125 bu. ears per acre, or potatoes 100 to 200 bu. per acre. This 
followed with oats, yielding from 40 to 60 bu. per acre with a large growth of straw ; 
this completed the rotation. This year the potatoes were raised after corn which had 
been manured. 
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The field should be plowed before the plats are laid out. Then use good, 
substantial stakes at the corners of the plats, and mark them in such a way that 
the plats will not become mixed, thus leading to confusion. It would be well 
to leave a space of 4 ft. between each two plats in order to be sure that the plants 
on one plat cannot feed on the fertilizer each side of it. 

Do not lay out the plats on land that has been manured within one year. If 
you carried on fertilizer experiments last year, do not use the same set of plats - 
again this season. 

The following diagram shows the arrangement of the plats, with the spaces 
between. Each plat contains. 1-20 of an acre. 


eae LOL TIS) (e] Me.ag She be). Erie 10> Rner mai aa a 
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Eight rods long. 
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THE USE OF LIME. 


Some recent investigations that have been carried on under the direction of Mr. 
Wheeler of the Rhode Island Experiment Station, at Kingston, R. L., have shown 
that acidity or sourness of the soil is much more common than has hitherto been 
supposed to be the case. It was proved by these experiments that this acidity 
of the soil lessens the effect of fertilizers on very many crops; in most cases the 
effect of nitrate of soda was very much lessened. 

It is for this reason that the use of lime is recommended in the experiments 
of this year, when it can be obtained without too much cost, on half of each one of 
the small plats of the set in the manner directed below. 

If the soil is acid or sour the lime corrects the acidity and makes success with 
fertilizers much more certain; besides this, it loosens a heavy clay loam, so that it 
can be more easily cultivated; it helps in the conversion of the slow action of the 
nitrogen of the soil into more rapid action; it may set free and make immediately 
efficient some of the tightly-locked potash of the soil. 

The experiments of last year indicated that the failures to get good crops with 
the fertilizers applied was not due to a lack of plant-food in some of the soils 
tested. It is quite possible that if lime had been used with the fertilizers better 
results would have been obtained. 

One application of lime will last for some years. Therefore, since its use may 
prove to be profitable in many cases, a trial of it seems to us advisable. 


APPLICATION OF THE LIME AND FERTILIZERS. 


Each half plat is to receive 100 lbs. of lime.* (One heaping bushel of fresh 
stone lime weighs 75 lbs.; one heaping bushel of air-slaked lime weighs 50 Ibs.— 
Roberts’ Fertility of the Land, page 305.) 

The plats having been laid out, make two piles of fresh stone lime of 50 lbs. 
each (¢ bushel in each pile) upon that half of each plat which is to be limed. 
This quantity represents two tons of lime peracre. Pour from + to 4 of an ordi- 
nary pailful of water on each pile of lime, or less water if the soilis pretty damp, 
and immediately cover the lime with soil. In three or four days the lime will be 
completely slaked. It is then in the form of a fine white powder and it can be 
easily spread. With a shovel scatter the lime in two piles as evenly as possible 
over that half of the plat to be limed. Care should be taken not to leave an 
excessive amount of lime on the ground under the piles. If fresh stone lime 
cannot be obtained use air-slaked lime if that can be had. The air-slaked lime 
is already in the form of a fine powder and should be spread broadcast imme- 
diately without further treatment (2 bushels to each half plat if air-slaked lime 
is used). 

Apply the lime as early in the spring as possible on the PLOWED GROUND and 
immediately drag it into the soil most thoroughly. 


* If potatoes are to be grown on the plats omit the use of lime. 
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As soon as this work has been done apply broadcast the muriate of potash and 
superphosphate to the whole of each plat which is to be manured with one or 
the other, or with a mixture of the two, and drag into the soil as thoroughly as 
possible. Drag the plats lengthwise because particular care must be taken that 
none of the fertilizer for one plat is sown on or is dragged on another plat 
adjcining it. In many cases muriate of potash injures the plant if applied just 
previous to putting ina crop; so that the earlier this fertilizer is applied in the 
spring the less will be the danger of injury. 

Apply half the nitrate of soda broadcast on the whole of each plat requiring 
it just before the seed is planted and drag into the soil. Three weeks later apply 
the rest and cultivate in. 

Care should be taken to keep the nitrate off the foliage of plants, as it may 
cause some damage; in the case of sown crops, such as oats, it will be impossible 
to prevent this altogether. , 

BE SURE NOT TO OMIT THE BLANK OR CHECK PLAT WITH NO FERTILIZER. 
This is the most important of any single plat, because all of the others must be 
compared with the blank in order to learn how much benefit the fertilizers have 
been to the crop. 

You are to grow any crop you wish on these plats. 

The came kind and same amount of seed is to be sown on each of the series of 
nine plats in the set. It must be remembered that these experiments are to be 
tried upon the crop planted and not upon an accidental crop of weeds. In no 
case will the experiments be of value if the weeds are allowed to grow on the 
plats. Thorough cultivation is one of the most important features of the field 
test. 


RECORDS FOR 1899— TO BE FILLED OUT. 
1— Date of plowing field. May 2. 
2— Date of applying lime. No lime used. 
Was the lime fresh slaked, or air-slaked ? 
Date when dragged into soil. 
Dragged how many times ? 
3 - Date of applying muriate and superphosphate. May 15. 
Date when dragged into soil. May 15. 
Dragged how many times? T'hree times. 
Date of applying first half nitrate of soda. May 15. 
Date of applying second half nitrate of soda. 
4—Kind of crop grown. Rural New Yorker potatoes. 
5— Date of planting crop. May 16. 


Dates when crops came up on each plat. June 5— Could see no difference 
in the plats as to the time they came up. 


6— Dates of rain storms and general remarks on weather. Very dry from June 
Ist 10 15th. Good rain June 15th and June 24th. Showers June 28th, then 
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very dry up to July 6th. Pleniy of rain from July 6th to July 20th, then 
very dry. No more rain to speak of till after the potatoes were matured and 
dug. 

7— Dates of cultivating plats. With a Hallock Weeder — May 20th, 23d, 25th, 
28th, 31st, June 38d and 10th. With cultivator — June 16th and 23d and 
hand hoed. With cultivator June 29th and July 5th. With hiller July 12th. 
With hiller July 24th and hand hoed. 

8 — Injury by crows, insects, pests, etc. Old beetles ate them a considerable when 
first came up. The summer hatch of beetles did little damage. Used Paris 
green on them but once. 


9 — Keep record of general appearance of plats during summer. Which plats 
are most thrifty? Which least thrifty, etc. July 18th plats on which 
superphosphate was used and the one of stable manure, tops darkest green. 
Plats S (stable manure) and N P K (complete fertilizer) a little the most 
thrifty. 

10 —General remarks and questions. Was well pleased with the experiment. It 
was both interesting and helpful and was very little extra work or trouble, 
besides the fertilizer well repaid all the little extra care and grew a fine crop. 
The experiment showed that the nitrogen used was really detrimental to the 
potato crop as it caused an extra large growth of vines and LESS TUBERS 
THAN THE BLANK PLAT. 


We next come to the harvesting of the crop. Bull. 129, p. 146, says: 

“In carrying out this part of the work, allowance must be made for the pos- 
sible growth of the roots of one row into the feeding-ground of the adjoining 
rows; thus the outside row of one plat may steal food from the next plat, that 
was not intended for it; hence the directions to exclude the two outside rows of 
each plat, one on one side and the other on the other side, and not to include the 
crop of those rows in the harvest measured, are important.” 

‘‘In measuring the crop, due credit should be given for every part of it that 
can be utilized in any way; if corn, not only the seed, but the stalks; if wheat, 
oats, etc., the straw as well as the seed; if potatoes, of course only the tubers.” 

If each plat contains three rows, then harvest and weigh the middle row. If 
each plat contains four rows, then harvest and weigh the two inside rows. If 
each plat contains five rows, then harvest and weigh the three inside rows, and 
so on. 

Bear this important request in mind, namely, that it is necessary to report 
separately the weight of each crop harvested upon both the limed and unlimed 
half of each plat. 


[Fill out one of the following blank forms as a part of your report of records 
and observations taken during the summer. | 


Size of each plat: length, 16 rods ; width, 4 rod. 
No. of rows grown on each plat. 3. 


No. of rows included in the weighed yield of each plat. 2. 
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Limed Unlimed 
PLATS OF CORN. half of half of 
plats. plats. 


=PKi Weight of corn from rows harvested, in pounds....) .......] ....... 
K. Weight of stalks and husks harvested, in pounds...) ...... 
9 Plat Weight of corn from rows harvested, in POMS cop |e sce see [cs cre checoees 
N. Weight of stalks and husks harvested, in pounds ...|........)......-. 
; Weight of corn from rows harvested, in pounds.. . | 3s, Sls See S Sees 
3 Plat cigh n s es poun | 
; Weight of stalks and husks harvested, in pounds...........).....+-- 
Weight of corn from rows harvested, in pounds ....)........ [Borer 
Ae, (No fertilizer) 
* | Weight of stalks and husks harvested, in pounds...|........).....+-. 
5—Plat Weight of corn from rows harvested, in pounds ....|... ....-/..+.+++- 
KN. Weight of stalks and husks harvested, in DOUNGS: a. Alacer Mae ee 
6—Plat Weight of corn from rows harvested, in pounds ....|........ a 
—: Weight of stalks and husks harvested, in pounds...)........|...-..-- 
7—Plat Weight of corn from rows harvested, in pounds ....|........|....--+5 
NP. Weight of stalks and husks harvested, in pounds...|........)....--.. 
8—Plat Weight of corn from rows harvested, in pounds ....|........|...+++-- 
a Weight of stalks and husks harvested, in pounds...|........|...+.... 
9—Plat Weight of ccrn from rows harvested, in pounds....|........).....66- 
Ss (Stable manure) : 
? Weight of stalks and husks harvested, in pounds ...|........).....4-- 


Norte.— In ease the corn is for fodder and not to be husked, then give the weight of stalks 
and ears combined. 


21 


’ 
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PLATS OF POTATOES. Unlimed 
plats. 

ca oe Weight of potatoes from rows harvested, in pounds. ....... 267 
3 eat ‘ ; 
‘ as Weight of potatoes from rows harvested, in pounds......... 209 
Ors ay Weight of potatoes from rows harvested, in pounds.......... 258 
4— Plat} (No fertilizer) 
Blank. | Weight of potatoes from rows harvested, in pounds........ 211 
Drie Weight of potatoes from rows harvested, in pounds......... | 240 
6 ee Weight of pctatoes from rows harvested, in pounds. ...... | 307 
f ae Weight of potatoes from rows harvested, in pounds......... | 208 
Pant Weight of potatoes from rows harvested, in pounds......... | 285 
9— Plat] (Stable manure) 

Ss. Weight of potatoes from rows harvested, in pounds......... 318 

5 p 


Nore.— If some other crop is grown, one of the above blanks can easily be 
changed and filled out for that particular crop. 


At the close of the season and as soon as the results of each plat have been 
properly recorded piease return this circular to the Chemist of the Experiment 


Station at Ithaca, N. Y. 
G. C. CALDWELL, Chemist. 


A. L. KINSLEY, Asst. Chemist. 
Name of Experimenter. Homer H. Jones. 


P. O. Homer. 
County. Cortland. 
State. New York. iets 
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Experiments by Mr. H. H. Jones, Homer, N. Y.— Mr. Jones 
who made the experiments and sent in this completed report states 
that each plat was $ rod wide and 16 rods long, making an area of 
gy of anacre. Three rows of potatoes were grown on each plat. 
In harvesting the crop, the outside rows being discarded according 
to the directions, the yield of the middle row only of each plat was 
weighed. This row represented ;5 of an acre. The weight of 
potatoes harvested from the central row of plat K (muriate of pot- 
ash) was 267 lbs. This yield on 1; of an acre multiplied by 60 gives 
the yield of pounds per acre, which was 16,020 lbs.; this is equiva- 
lent to 267 bushels per acre. It so happens that in this experiment 
the weight per plat multiplied by 60 gives the yield in pounds per 
acre and that this product divided by 60 gives the number of bush- 
els per acre. Therefore the number of pounds per plat represents 
the number of bushels per acre. 


ae ae a a ee aa 


Plat (KN) Plat (KP) Plat (NP) Plat (NPK) Plat (8) 
Potash Potash Nitrogen Nitrogen Stable 
Nitrogen. Phos. Acid. Phos. Acid. Phos. Acid Potash. Manure. 


60.— Mr. Jones harvesting and weighing the experimertal plats of potatoes. 


W hat lessons can be drawn from this set of experiments? We 
will first consider whether it was a profitable investment to use 
nitrate of soda. (See page 322.) The blank plat gave 211 lbs. of 
potatoes; the nitrate of soda plat yielded only 209 Ibs.; this would 
indicate that when used alone the nitrate of soda was injurious rather 
than beneficial. Muriate of potash used alone gave 267 lbs. per 
plat, an increase of 56 lbs. over no fertilizers, or 56 bushels to the 
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acre. When nitrate of soda was used with muriate of potash the 
yield was reduced to 240 Ibs. per plat. This means that potash plus 
nitrogen gave 27 bushels less than potash alone. Here again the 
nitrogen compound was injurious. 

Something more of interest and importance may be learned from 
this series of experiments. For example, it was observed that while 
the stable manure gave the largest yield, the crop contained the 
inost small potatoes, and the tubers were more scabby than on the 
other plats. Also where nitrate was used the potatoes were of a 
poorer quality and more scabby. On the other hand, plats treated 
with either potash or superphosphate produced very fine, smooth 
tubers; the plat with a mixture of potash and superphosphate pro- 
duced as fine a lot of tubers as the Station representative has ever 
seen. 

It is clearly proved by this set of experiments that it would be a 
waste of money to buy nitrogenous fertilizers for potatoes on this 
field; but in all probability it might be a good investment to use a 
moderate amount of potash and superphosphate. It must, however, 
not be forgotten that these results, while applicable to this particular 
field, may or may not be suited to a neighboring farm or even to 
another part of this same farm; for on other farms, even if near by, 
some at least of the conditions of the soil which may affect the crop 
may and are likely to be different from those of the soil tested by 
these experiments. The soil of another farm may be quite different 
and it may have received quite different treatment in previous 
years. 

Potato experiments by Mr. H. H. Bonnell, Waterloo, N. Y. 
— Mr. Bonnell has experimented during the past three years. We 
give here a condensed form of his experiment for 1899. Each plat 
Was s/f of an acre and contained four rows of potatoes. The two 
central rows were harvested and weighed, giving the yield per 7, of 
an acre for each plat. The figures in the table represent the yield 
in bushels per acre, calculated from pounds per #, of an acre. 
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Potatoes per acre in 
bushels’ calculated 
from 1 40 of an acre. 


Large. | Small. 
Plat Re ies: ears seevacis aksaral se cilay a tha eee iaiws BRS Ueitss seerete este 137.7 6.0 
‘Plata nents tanteee eh Bare arora rctolatayy Pataca charters 6° es | 129.5 7.3 
laitig Pat ei ciss aitactefetrcim tran eoietelect wy s oy Vaya cos ora oe 4s oS 118.5 8.2 
SL Kerem reiterates ena he clercisietclersteteine’s | Napehectas wees 6 122.2 6.3 
IEE RGINIGE WG 6 Br OCIS Uap ie SEE, Ero ein crac et Sam ne oi are ae Nie ena aaa 5.2 
| EPR BS Ren Sic hats er One ee 147.0 5.2 
ARG EP fea Mh dA Ree ES laid crane BO « buaie Siolate a lereles Beeeale cs 128.0 5.8 
ALUN Ee eee cryaieee Wevric sep eas RSS Nr ser aie aie olaers obs eve tas 170.0 5.7 
TEENS 25 side GRRE c a oI ERD. RIE EOE MOE een aa 189.0 5.5 


* For the meaning of these abbreviations and the rate at which the fertilizers were applied 
see page 317. 


A study of the above table shows that stable manure (S) gave the 
best results and that a complete fertilizer (N PK) gave the next best. 
Stable manure having increased the yield of large potatoes 66.8 bu. 


Plat (KP) Plat (NPK) Plat (NP) Plat (S) 
Potash Nitrogen Nitrogen Stable 
Phos. Acid. Phos. Acid Potash. Phos. Acid. Manure. 


61.— Potatoes grown and harvested by Mr. Bonnell. 


over the yield on the blank plat and decreased the yield of small 
potatoes from 6.3 bu. to 5.5 bu. The complete fertilizer (N PK) 
increased the yield over the blank plat 47.8 bu. of large potatoes 
and decreased the yield of small potatoes from 6.3 bu. to 5.7 bu. 

Of the plant-foods used alone potash gave better results than 
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_ either nitrogen or superphosphate. Potash, when used with nitrate 
of soda, gave better results than when used with superphosphate. 

The results of these experiments would seem to indicate that a 
complete fertilizer would give the best results when used on this 
field, and that the greater portion of it should be potash with only 
a moderate amount of nitrogen and but little superphosphate. 

In 1897 Mr. Bonnell experimented with potatoes on another part 
of the farm; the results indicated that potash gave rather the best 
results. In 1898 oats were grown on this piece of ground and the 
superphosphate plats gave the best yields. Again in 1899, two years 
after the fertilizers had been applied, wheat was grown on it. The 
plats that had received superphosphate in 1897 still gave the largest 
crops. These results indicated one of two conditions: either that 
the cereal plants, oats and wheat, could not find enough phosphoric 
acid in that soil, unless supplied in the fertilizers; or that the ca/- 
chum sulphate (gypsum or land-plaster), of which all superphos- 
phates are largely composed, gradually made available some of the 
tightly locked potash that existed in the soil, and that it was this 
liberated potash and not the phosphoric acid that gave such marked 
results the second and third year following the application of the 
fertilizers. 

It was formerly a common practice to use caleium sulphate (plas- 
ter) upon land for the purpose of making available some of the 
tightly locked plant-food, especially potash. 

Experiments of Mr. A. 0. Stewart, Mariposa, N. Y.— Mr. 
Stewart has experimented for the past three years, in 1897 and 1898 
on potatoes and in 1899 on corn for the silo. On Sept. 21, 799, one 
square rod of each plat was cut, shocked and photographed. (See 
cuts, next page.) Then each shock was weighed and the yield per 
acre estimated. Also after a week of warm weather the remaining 
crops on each plat were ent and weighed in order to determine 
whether the estimated yield per acre would vary much whether 
based on the yield of one square rod, or of eight square rods. In 
general, the smaller the area taken for estimating the crop per acre, 
the greater the probable errors in the caleulation. These results 
are tabulated on page 328. 
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Plat (S) Plat (NP) Plat (P) Plat (N) 
Stable Manure. Nitrogen Phos, Acid. Phos, Acid. — Nitrogen. 


Plat (K) Plat (KP) Plat (KN) Plat (NPK) Plat (Blank) 
Potash. Potash Potash Nitrogen No Fertilizer. 
Phos, Acid. Nitrogen. Phos. Acid Potash. 


62.— Mr. Stewart harvesting corn fodder for the silo. Each shock represents the 
yield from one sq. rod of each plat. 
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Corn silage per acre in 
tons. Eke 
Gain in 

pounds per 
acre from 
Calculated | Calculated | Sept. 21 to 
from one from eight | Sept. 28, 99. 
square rod. | square rods. 
(Sept. 21st.) | (Sept. 28th.) 


Plate eee stents: Sea canes Weegee 5.23 5.59 620 
Plate Sie, Serle t, « (Lycra eee cke oes a eS 4.56 4.82 520 
Pai Sehr ech cs « ete otiaiak’s 6 5 uae 7.68 8.04 720 
Blane ge sare ek 6 etc ah. Sia eed a ee eee 4.24 4.51 540 
Plate Miniensa? g. atte. Care cere, S 4.64 4.89 500 
Plat sary ae oi Faie oop tk age Ox ae ee nears 6.88 7.27 780 
Plat eRnP ys S274: 92). chanted os ng Mea e aes 8.80 9.24 880 
Plates Sie aga bathers oss eee tee ee 7.84 8.28 | 880 
PlabeSik eee tack ieee Ne een 14.48 15.26 1,560 


* For the meaning of these abbreviations and the rate at which the fertilizers were applied 
see page 317. 


On studying this table it is plainly seen that available phosphoric 
acid in the soil was at a minimum, since the yield was best on all the 
plats which received phosphate, whether alone or mixed with one or 
both of the other plant-foods. It appears further that neither pot- 
ash nor nitrogen with phosphate added much to the crop over and 
above the yield with phosphate alone; therefore it would be poor 
policy to use a complete fertilizer for corn on this field. The 
experiments of 1897 and 1898 also showed that phosphoric acid was 
the one plant-food that was deficient in that soil. 

On comparing the estimated yields per acre from each cutting, 
we see that in every case there was a decided increase in the total 
crop during the last week of growth and that these inereases per 
ton were quite uniform. This shows that the estimated yields per 
acre when calculated either from one square rod or from eight square 
rods are very nearly alike and that correct results can be obtained 
by measuring the crop of a part only of each plat. 

The value of stable manure as a fertilizer is very distinctly shown 
in the results of this series of experiments, the increase over the 
yield on the blank plat being more than three times the increase 
given by any other fertilizer. Although the quantity of the manure 
applied contained less available nitrogen compounds, potash and 
phosphate than was contained in the commercial fertilizers used, it 
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was far ahead of the other fertilizers. This result may be due in 
part to the useful bacteria possibly in the manure, or to the effect 
of the manure on the physical qualities of the soil, such as its tex- 
ture, its temperature, ete. 

Many other illustrations might be given of the value to the farmer 
of this kind of experimentation, but lack of space forbids. 

Injury caused by fertilizers.— As already stated in this bul- 
letin, not all the experiments were entirely successful. In some 
cases the plats were too small, in others not enough care was taken 
in mixing the fertilizers thoroughly with the soil; the result was 
either a partial injury to the crop, or killing it completely. Such 
injurious effects were especially noticeable with the muriate of pot- 
ash and nitrate of soda. The superphosphate did not seem to cause 
any damage even when applied very close to the plant or in large 
quantities, even at the rate of two tons per acre, as in some cases by 
mistake. Superphosphate may therefore be used very carelessly 
without doing any harm, while great care must be exercised in the 
application of nitrate of soda or muriate of potash. 

Does it pay to use commercial fertilizers ?— This question 
is frequently asked by farmers, but it is a question that can be 
answered only by the questioners themselves. They, only, know what 
the purchased fertilizers cost them; they, only, ean know or they 
ought to know what increase of crop is yielded by the fertilizers 
applied, and how much money they have received for such increase. 
As a rule, they know only what they have paid for the fertilizers, 
and how many bushels or tons of their crops they have harvested ; 
but they do not know how many bushels or tons are to be credited 
to the fertilizers, for they do not know how much the soil will yield 
without any fertilizer, or with stable manure. Neither do they know 
what the stable manure has cost them. Furthermore, since asa rule 
they use complete fertilizers, containing all three of the plant-foods, 
nitrogen compounds, potash and phosphate, therefore they do not 
know whether any increase in crop is due to the action of all three 
of the plant-foods, or to two of them, or to one only. In the case 
of several of the series of experiments that have been carried out 
under the supervision of this Station, it has been conclusively shown 
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that phosphate was the only plant-food that was useful, and that all 
the money paid for the other two was wasted. 

Such being the results of a number of the experiments with fer- 
tilizers, it would seem that a wise and prudent farmer would attempt 
to keep a sort of a bank account with every field on his farm that is 
under cultivation. To accomplish this, he would charge to each 
field the cost of the fertilizer applied to it, if he uses commercial 
fertilizers; after the harvest he would credit every field with the 
market value of its produce. It would cost him but little time 
and labor to measure three plats, say of a tenth of an acre, in each 
field to be treated with commercial fertilizers, one plat being left 
unfertilized ; multiplying the yield of each of these plats by ten 
would give the yield per acre. He has then all the data that are 
necessary in order that he may learn by a simple calculation whether 
the increase of the crop has more than paid for the cost of the fer- 
tilizer used. 

The farmer may say that he cannot spare the time for carrying 
out this plan; or he may say that he does not want to lose the 
increase of crop that the fertilizer would give on the one unmanured 
plat. But this loss on a tenth of an acre only would be very small 
and it would be of much more importance to him to know whether 
he gains or loses by the application of fertilizers. Better still would 
it be if he could carry on a set of experiments with the three import- 
ant plant-foods in a complete fertilizer in the manner described in 
the preceding pages. He might then learn that only one of the 
three foods, say, for example, the phosphoric acid in a plain super- 
phosphate, or potash, or some combination of two of the three foods 
is all that the field experimented upon requires, and that money 
spent for any other food is simply thrown away. 

Frequently during the summer the representative of the Station 
was asked by the farmers if it would pay to use such large quanti- 
ties of fertilizers as were sent out by the Station and if smaller 
quantities would not do just as well. The answer was that in these 
experiments the cost of the fertilizers was not taken into considera- 
tion, the main object being to find out whether the use of any one 
or more of the plant-foods would give profitable yields over and 
above the yield without any fertilizer. For such a purpose it is 
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better to use large applications rather than small ones in order to 
make the results of the experiment more marked. 

With the cultivated fields of this State in their present condition, 
with their present amounts of humus and with their present texture, 
it will not pay, as a general thing, to use large applications of fer- 
tilizers, because moderate amounts are usually sufficient to make the 
available plant-food conditions as good or better than other essential 
conditions of the soil. Just as soon as plant-food conditions are 
better than other essential conditions the plant will not be able to 
get the benefit of this extra food, and more or less may be wasted. 


63.— Mr. Mubee, of Spencer, N. Y., harvesting and weighing experimental 
plats of potatoes. 


Interest in the experimental work and its value.— In most 
eases the farmers were very much interested and painstaking with 
the work. Oftentimes the experimenters said that the work was 
being watched by neighbors, for they wanted to “see whether there 
is anything in it or not.” 

Mr. Wills C. Hatch, of Skaneateles, N. Y., wrote as follows: 
“ Below you will find the results of my third experiment with fer- 
tilizers on potatoes under your supervision. Each year’s experi- 
ments gave practically the same yesults, proving tome beyond doubt 
what I had before believed, that the soil on my farm did not need 
the addition of either potash or nitrogen, or, in other words, it 
would not pay me to use them. Iam now using plain phosphate 
alone on all my crops and am getting better results than with the 
mixed goods. This will save me from fifty to one hundred dollars 
a year in the cost of purchased fertilizers, and with better results. 
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“The results of my experiments have been given in the Grange 
and club meetings and also published in the papers. Whether this 
had anything to do with the case or not I don’t know, but I do 
know that of about forty tons used by our Grange this season only 
one ton used was other than plain phosphoric acid goods.” 

Mr. A. O. Stewart, of Mariposa, N. Y., wrote as follows: “In 
making my report I wish to assure you that we have been greatly 
benefited by the experimental work in many ways. We have 
learned that the better preparation of the soil and good eultivation 
are the prime requisites of a good crop. 


Plat (N) Plat (K) Plat (P) Plat (Blank) 
Nitrogen. Potash. Phos, Acid. No fertilizer. 


64.— Potutocs harvested from four of the experimental plats of Mr. Hateh. 


“Tn making these experiments the past three years we have, with 
the kindly help and suggestions of the Experiment Station, been 
able to determine what our soil requires, and now in-buying fertil- 
izers we buy only what our soil most needs, thus reducing the cost 
of the fertilizer bought nearly 50 per cent. Several of our neigh- 
bors have been interested in our experimental work and_ they 
requested me this last spring to purchase for them a fertilizer con- 
taining only phosphoric acid. They claim that it gave them good 
results on all crops, equally as good as a complete fertilizer costing 
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nearly twice as much, and this in alternate pieces and with the same 
cultivation.” 

From a letter of Mr. Chas. Vanderbilt, Alloway, N. Y., we quote, 
“T am very glad that I undertook the fertilizer experiment work, as 
it has helped me to know what our land needs, and my neighbors 
are just beginning to think that one can tell what one needs by ear- 
rying on the experimental work. I think that acid phosphate, or 
superphosphate, will show up better than anything else on our clay 
land as the work shows so far; and some of our neighbors are going 
to try acid phosphate as an experiment on their wheat this fall 
through me. * * * AsI have got started in the experimental 
work [ shall never stop it. I shall keep on experimenting.” 

Farmers who have experimented.— The following isa list of 
the farmers to whom sets of fertilizers have been sent. Some have 
received them but once, others twice, and still others three times. 
The column headed “ Years of experimentation” indicates the num- 
ber of years that each farmer has experimented and how many suc- 
cessive sets of fertilizers have been sent to him: 


| Years of 
NAME OF EXPERIMENTER. Post office. County. experi- 

me<ntation. 
Ackley, Denver... ».,0-:. Aa -+ |, GOwWands i210. 5. Cattaraugus ...- 1 
ROCOOKS \GEOTLE ... ananict ade 2 - Fayetteville.... ...| Onondaga.. .. 1 
SKEICN VALE! Bis rnsaitgl =: LOM eyes Arai c tle 3 - Orleans: <-5.4) - 2 
Peet, VAMICS By. pers herbie srare'd> 5 - RU VAN eran). < - Chautauqua... 1 
ASH, NON Eon Fads < - Ontariaic.d. Jt |: 2. Waynes.” 0 ar5 1 
7:1 GS J) 1. a ee Depauville........ Jefferson.. .... 1 
Allendorph, D... .. feras(}-: < SHIGE Sore Re Gee Rensselaer...... 2 
AUG, Weed C55. « cna wih secerst oe ee WMC ercteye lori - MAES gs coh ash 2 
ANGETSON, SOWD: «ate obec cpots): < - Oriskany Falls.... | Oneida........ 3 
JATIGETSON, PE By 19 oec,akeecpht ies - North Wilna...... Jefferson ....:. 1 
Andrews; P.M. '< sss cirst ye o-2 Pompey...... Noes -| Onondaras 54 1 
Averell, “Warren... ¢, ,..ciese5hjs C@aledonias :.ctees 2: Livingston ..... 1 
Pacts SG ET. sn5 i tsmes « Little Genesee. ...| Allegany....... | 1 
Pe ae le fare arse agin Sy uaeees * Watertown........ Jefferson....... il 
HBSAMEY,, cvs) Eo: cictetnny-f-k tae te +. Mownsend acct Schuyler. ... 2 
ISRKET AONE As). cat seg bekeatyo):« BISHErSy-. soles = OntaTlo:. 22... oa 3 
12S CG bats teat CA eae Ken daa ci. seeris- Seneca... .:..%,- 1 
Banglar NTAWK. 2) oc Coste cytes « East Bloomfield....} Ontario........ 1 
TAMA Oop) sae cpotytnaieths ° Conkling} s..a8 4- Broome .: ..: . <r 1 
Barney. Frank Do yo n5s,s,a7 +) - Westfield i.e: - Chautauqua.... 1 
Barris: MeClellance: 50.f3~ +: Silver Creek....... Chautauqua.... il 
Barrows, George A... ....... Groton seers - Tompkins...... 2 
TRASSe i GBe A ran an cgay ap to. ATCO: -tces dete eitet Chenango...... 1 
WSHEES SCL PAG ens <a ae sibs et Billington <r. 05 - Chautauqua.... i 
PSCAMIG GOO sie oes avarice ais ot Brockport. ...... Monroe... 1.52. 1 
Beardsley) Hoo He. onc ate se COVEDILY). i nie te ss: Chenango...... 1 
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NAME OF EXPERIMENTER. 


Belknap, J. J. 


ee Sie alae 


Benjamin, Chase: hose. atanse 


Bennett, Bert. 


Sericiry aoe A ecmy 


Biaeihsim, eG owe Sie. ata «1 
Bingham, Henry Moir); 


Bird, Albert A 
Birge, E. Pratt 
Black, J. E 


Bleaker, Joseph: (fait <.0.). 3 


Bliss, Geo. A.. 


Blood, Elmer E 


Bonnell, H. H. 
Boynton, L. R. 


Briggs, G. D... 


sees. eowee ese 


sere ees estes eee 


Ce ee or 


Bri hight ENV ciel op, oa sieserejen 


Brill, Thomas. . 


Brodie, Geo... 


Cr 


Ce ec cr 


BLOnSONs GeOw Hecncseies ce er 
Browal Cassius Sy seljon abet. 


CAC EC OH OO Wr icc be 


Buckland, W. F............. 


Bulkeley, R. P. 


Burker eis Vracys ses eta. tae 


Burnham, Wm. 


Burritt, F. M . 


I eects io byte pe 


Burritt web coe co etaccaee 
Campbell JohnH esse. nee 
Cardners i\GiRU et ares. cco: 
Carlile Davids shee ee 
Carryall Sssckat ar Wsvaetecores oyetecc 


Catchpole, E. W 


Cavanaugh, G. 


Chaffee, L. R. . 


Weed & 


Chamberlainshds i: 2225. 22 a 


Chapman, C. E 


Child, Lewis E. 


Christy, W. T. 
Qlark C73 is: 
ark °C. Ws. 


CeCe ee ee ce er 


Clark, Ernest A 


Clothier, 


ClothiersHe Breer tay caeecc a 
Cockburn, fPranke Nites sac 
Cogburn sie sys cee eee 


ee 


Conklin}aGeo. Bast. ees tee 


Cooley, Gar. 


. Corbett, M. J... 
Cowles, James 
Curtis, C. 


Curtis, Herbert S 


Davis, C. E.:.. 
Day, HoINe 2: 
Denison, F. E 

Drummond, W 
Dudley, Henry 
Dunn, Geo. W 


0 (be 8/2 eel e.s pus se 
oie bh bere oye eee «6 
NS) cD 
Sits eer) on a ashe ere 
Ce ee Se 

6 616) tie se 7. 6yaasl.0 ce 


La renee; ne /aaiaxetaie 


C 
Terra tose eee 


err ececesseeocose 


Years of 
Post office. County experi- 
j mentation. 

Campvill@y.. css: TOD Decree eerie 
Haskinville ....... SHIGIT fay Peers oe 
Howard vastcascer pleubenyaae see 
Summer Hill...... Cayugartnigigns 
AMOI. 55 A So oot, Orleanste. sects 
QttO. oa esas sere Cattaraugus. .... 
Chathenys ask av sre ox Columbia ...... 
tha Ga anion ate Tompkins....... 
Mumifordss, ..%22.% Livingston ..... 
Groton City ....... Tompkins....... 
West Potsdam..... St. Lawrence.. 
Wiaterlooss pie ach. SENECA) ..0F acca 
DakeSiGde: wes sets Wisyne c27- eecn 
Liman igale.skiered Livingston ..... 
R@REy 75 arse Asoc Wyoming...... 
Poughquag........ Dutchess .::.°... 
Churchville a. 2). Monroel. 22... 
Vernon Centre. ...| Oneida. ...... 
*West Bethany ....| Genesee......... 
Cicero Centre ..... Onondaga...... 
Dy sander ?cy 54k 23% Onondaga ..... 
Coventryville...... Chenango...... 
ATTONG Ser stese ec Chenangom.ae-- 
Groton ieee ee Tompkins ...... 
Parma Centre...... Orleans ieee eee 
Hiltonze stub fo Orleans asc 
Waledoniats y-seacee Livingston...... 
AL UL yes tas cheve sin sets Onondaga...... 
Bure ka ee ace ees Sullivan s--ee: 
Lockwood......... Tiofan. css 
North Rose... ..... Witte th atest 
Watertown........ Jefferson =... 2. 
Natural Bridge ....| Jefferson....... 
Barnes’ Corners....| Jefferson ....... 
Peruvillesweeenae Tompkins....... 
Philadeiphia...... Jeifersoneranaer 
Silver Creek. ..... Chautauqua.... 
LaFayette. 2.00... Onondaga...... 
Skaneateles.. .. Onondaga ..,.. 
East Onondaga ....| Onondaga...... 
Silver Creek. .:.... Chautauqua.... 
Silver Creek. ..... Chautauqua... 
Silver" Creeks... ss Chautauqua .... 
Silver Creek....... Chautauqua. . 
EVO Wardires ne castcrste Steuben’ //.5 5. 
Chappaqua........ Westchester 

CTOND ite rece oe Oneida nace 
Corbettsville ...... ibroomessn-te 
OUISCOM seh cette Onondaga .... 
Watervillet sss: Oneldares a. se 
Ridgeland’... .5..% Monroe sis... or 
Heath? tonto Wister ! scence 
Canandaigua ...... Ontario tue jo 
Westfield... 2. Chautauqua. .... 
Berry <Cityen- se: PehiVler es scer 
Bath, 1p ieee sete ete Steuben ..7a. 
Forest Lawn. ...,. Monroe’. s<\.:... 


Fe ee ae eel eel ee el ee el el ee le ee ee ee Oe ee ee ee ee 
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Years of 

NAME OF EXPERIMENTER. Post office. County. experi- 
mentation. 
Dron eae fear ale. ss Camdenig shane o- Oneidayas: <4. e8e dL. 
Dirham sais, Creer ss =. MountyKoseonscs: i. Westchester..... 1 
PVs sr RES ES..: eka ets «.« Villenovia.......3¢... Cattaraugus.... 1 
ASMA Oli Masao v0 ger «2 Woodville... sss... Jefferson... ... 1 
Blmendort Wie Bierce th o:5-- Strait:s'Corners:; .|. -| Tioga): .-. -<;7. 5. 1 
BIMMONS- GO YH Desc ccarcsesh x10 « Bulaskigeenssc8 -- Oswego......... 1 
English, Andrew..... Ree ae Vansbitfen-ai ts... - Chemung....... i! 
LONE GIR s 2 ah i Dele a Oneidarcaas.345.'. - Oneida cite ae 1 
Mitzeerald, GW: «= crpefieress.e.- + ANT ING cera, 3/6 Schuyler =< sey. -< 1 
osmires ch rank yo 5 7 jocFE- <1 - Preepotis....5..0% -. . Qucens) > -seci50- 1 
Fredenburg, LewisE...... | ANCONA osc aja) o) « Chenango...... 2 
Hullacer, Howard. .. . +. j58 <\-- PenngyVan:ccecest |. . Vatess: 22 ccees 1 
Hiller, PAMESNS : - syeyereavel 4 = Olam. isi cagstAn vin « Herkimer....... 1 
Ballin tome RT. Co. . cpecurs ets «5 WATSAI EC y a.50'a7" «= Wyoming...... 1 
Garlock, William, «2. conf «|. Marahyille, oor... Montgomery.... 1 
arnett ny Sree a .cie:e, ccaieys eye ok North Syracuse....| Onondaga...... 2 
ECE AEN CY Cdl: opens oy 3 cin APS - Horestville.:.4 i. - Chautauqua.,... 1 
Goodwin, Geo. A. .......:...- Wear. i24 cycad > - | @ayurn 4.3. .,: 1 
Greene; Chas. S. ......:«. nse. | Bast:German:..y:... Chenango is ch + 1 
Griffing; Maurice IN. ..%.60% 5 - - RUG ANG see eae d = = - Jefferson ....... 1 
rine l Wey M his caer aoe h 3 Broadalbin ........ Hiultonws: 2. i: « 1 
ebay Oe We hace 2, oisp-recane d+ CuD3 221893 cele | Allecany :... 3.33 1 
2 STI Silat senate i Red Creek -...:... NONTOCH ses ae et 
Bomevisou li. El. sem aacwat) <>: North Winfield ....| Herkimer....... 1 
Hartley, (icp i aaa he Gouverneur ...... St. Lawrence.... cy 
TELE HOWHLIST OS a aon p<» Skaneateles........ | Onondaga....... 3 
Hawkins, Noel..... Ree NGO WANE aa taatsta hos. | Cattaraugus..... 1 
rea ELGar yo ed 2 sa ocieray $l 66> Bat OD 60549 - >: | Madison... ..: 1 
Heath, Adelbert L.........:..-. DeRuyter: <.:..<:. | Madison........ 1 
Hendrick } Jamesi..cidenjee3}'- + = Slingerlands....... Albanyv2cc<. 23: 1 
esse Chas. Be... pasagficl > «> Great V allem :} » | Cattaraugus... 1 
Heyward, William. ......... Stafford): 3.90.23 - « | Genesee -.25 5p +1 1 
Fini silt Berti. si «cre. ciartereet eo DeRuyiter....-:2-..| Madison... . ..47. 1 
Elotiman SRM... ania i }<'- Appletouyg.4.53 -1- | Niagara... xe. 1 
Volmes) Hrank..,2 2ricjecaracie hele: Manriettacneccte.s ss). 2 Onondaga...... al 
Erowid We Wi 's.<-acnyeienye tas s0 Bredoniaesacgs. <2 | Chautauqua.... 2 
HOW EHIW = De che cersihrot BR ec BP aViebte rer. yety ti =i Seneca; Jciiew. cr 1 
Hoyts, Hiranks De serteper terse ys CICET OMS: copiecseh «= Onondaga....... 1 
EbuilberthorenZ0vwascnses ci: Dansville ... .....| Livingston ..... B' 
Balett, Henry... .:drestuatsccta-s French Creek.. ...| Chautauqua..... 3 
Hungerford, Nye........... GW ACHE: care beset -fo- Tompkins...... 1 
InpallssChass Wi secpyseete 1-5 Watkin S57. ,-ye9 48%. c1- Schuyler: |... 4... 1 
IE WATEN VV MS 2A eo o.0 crerorpeper store Stone Mills........ Jefferson.. ..... , 2 
Jackman, Geo. W...... MBE stocs Livonia Station....| Livingston ..... 2 
PACKSMCOEWINE |... sxavacs Beret =151 Batavia. atcontteo-: Genesee......... 2 
Jeeves: \Ve dot are acer Cooperstown ...... Otsegso:......2%: 2 
letiordss barry. A%.) .-.ct4 st 1 UWpperilisle\.... <-- Broome wearer 1! 
periinig BiB. LHe ntaay ee 4+ = Wi DlCNttl. 1.4 052} '4 <2 Wiaytie.2.22.....2 1 
Beurys, Be). os ve. one sith 2 | RISING WHE 0054. >, - Steuben... ...%;. 1 
Jonnsoneruman’ Laps crsss 5. - North Ridgew ay (Orleans ese ct 2 
Jones; David. W. scatevaaes~; Nelsote sj. = Madison ........ 1 
TONES EO mo cer ty gisarsth as S02 13 (ajdi(s dea, ee Corttlands2.66.- 1 
Jones, Mhomas WW. ceyers5t-15- - =°- Watervale....-... Onondaga... -. 2 
KRelesseDrt John W. srcsaackl- Franklinville ..... Cattaraugus.... 3 
eeenenu Gln k2*., dasplteat ys = Potsdamseann-be-- St. Lawrence... i! 
Rina pi Ay Ae abst se: Preble® -hawieeh< «2 Onondaga...... 1 
Keria yp 8 Ch AB oo 1 ssepesfayeredsate «= Inittle Works.\.sia= =< Cortland) an. 1 
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NAME OF EXPERIMENTER. Post office. County. 
ELOWRCS. EVV A cen eg Step ei Germantown....... Columbia. ..... 
ogmweArchieyVii <0 eee CUIUOUT tie reece Caylipa: sien ta 
Kayes n Caleb nents cos ppt Natural Bridge..... Jetmersone ee a 
Ealrensy ClarksiC hess ee Hammond... ce. ioc St. Lawrence 
Exner Lloyd Wen 625 oe aks NGOS ser epeycve cence olete Wiesel tee 
Eangdon iw: osc. scence Hermitage ........| Wyoming ..... 
AR PREAT PE CLTY. fos es acc cre Black River’. - ool Jefferson. ..... 
envis; ele WN Apsier ceace ceiver ack Redphookers sree Dutchess ......- 
Tindsley, Bo Mes? 0. s..: Serve evlonticellon nck ate Sullivans soe. eae 
Eockley, diesse Bi? ss cate sisi: Pultneyville. ..... Wayiie feet: 
Monthard uous sce sence ee Jonesville’... se... Saratoga... .. 
ono Sohne ees ease ert Williamsville . RDG. Sf career 
Loomis, Eugene W........... Wilisonpes cesar INTEVEE EE cae Gees o 
Malbec Caer seen scm ns ies West Candor... .. Mogae ste 
IMabeetyEiiyi skies ices crecgee West Candor....... Piogs eee 
Mapes, Arlington.7.... >... =. RMUISHwaAllGrs eerie. Yates nee ae 
MCBIIMNeYAUS din tec tee Smithville Flats....) Chenango...... 
McDonough, John........... East Bloomfield....| Ontario..... ... 
MeMurray, Au ED. ooo re ac oot Walworth Pon. ses Wayne s.22 5.0 
MeNair: AGiD ii se a oe ots Dans Ville nse: seo aie Livingston ..... 
Me War? Tait. 3) os. 228» on Asses) SSN tee eee eae Livingston .... 
Mead Nas | PORE Ss lsHorestytlle Peis. oe Chautauqua ... 
MERU Wats c eek ye re eae Portland sess, Chautauqua.... 
Mediburya@a Bette. ccs sae Rockdale, sce eae Chenango ..... 
MeizieJOb meen. loco mate Williamsville.:.... Brie haste coGes ae 
du GUD (2) oh DAN Gere ee iS South Otselic ..... Chenango ..... 
Millers Gave Min ccs ss oe Chil Centre = 45 Monroeees ee oe 
Moore: SIND Se ete. ae Hooper... .. are otk: Broomes. 22+ Le 
MorseNBiramkeB) sce ere ae Dalton tessa ots Livingston ..... 
Miunsony, db Ons ae oe ere ee Kast Lansing ...... Tompkins...... 
Tashi Des cae eee ae otes sare ae. is Jemerson sso — 
Nicholas; WB ic. sce see Centereey meters te Herkimer. .... 
NWorthGeo Weis see waa Copenhagen....... he was esheets 
Oaks, Jeromenc: 200 cence Ketchumville.....: WO pars ey iene ee 
Oaks WitAve 728 erence Oaks Corners ..... Ontario. :... dowd 
OshornesC@has! keen vec Rose's tae iee ce ht. Wiaynecs fe gene 
Ovenshine Dh iG es se ae. Bagh <4 aes 2 ae ak Steuben.. ...: 
IPAM EL: sig ree Bees eee oe Montour Falls...... Schuyler. rod 
Parker ulitis Sine asec et oe Mredonige cece ete: Chautauqua.... 
Pattat. aconwens - teratie oe ee ie Little France...... Oswego <2... 
Pease. lratite tc se seckre sashes WW OSwerOrerer see tee WOSwero Si Cru: 
RCO r iMes Aca ter ee Seren eet Ete RU VCTOVIGW oe. as rere Jefferson... ... 
erey, Martini ae strc. cys pont: Fes NOUMIS MAS code ceed cide Wayne 2 tee. 
Perkins) Center aw scoters Castile: Ser Mer ts: Wyoming ..... 
1 2tE(h a (ee Jet cere cyeminioilacia bic Plessisn tt en ta: Jefferson. ../., 
Pierce sDisi Bs see oe ee tee Coopers Plains..... Steuben........ 
Platt, Clarence J. ...... HamMOUT a. eee ld Biriets +2 34h tee 
DOLE. clas co tae Seep sees Center Village. ...| Broome ....:*..: 
Ems, Gee lec vec sci ING WATS sean ee ta: Wayness = tae 
LANA POTS ANGE 8 tera BSB aoc Wravaville te eat | Saratoga . 9.24. 
Quereau, Co Ne ee 22 Baldwinsville ce. te Onondaga... .. 
inandoliphscAlvathe vere scl | SAT irene SOS | Allegany....... 
Render .Geo. Life eee AE Wel pine nes Jefferson. .... 
sige, Amnon: ©. se. Sosa oes Wolcott)... LES, b Wirynes "s tanOm, 
Rice Prank Desens Homer eek sy. Cortland: 4-52 
Bichardson 3b! Wi eee es. oe Rome, =. ee Oneida... 244%). 
RODD C. hs et eee ee Webster £0. Monroe......:-. 


Years of 
experi- 
mentation. 
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Years of 
NAME OF EXPERIMENTER. Post office. County. experi- 

mentation. 

Roe, A. LaVerne... abst? ... Plymouth......... | Chenango ...-. 1 
Rogers! Geo; san 2. wats eke -- Brookfield......... Madison....... 2 
Rumsey, Burrage. seit ss... Ithaeag,; Sassen Tompkins..... ‘t 
Rutherford, Thomas.......... Hammond? 222%: .. . St. Lawrence 2 
Nalisburyay de, getseeetee oF... Phelpstxasdisow. -:.- Ontario; 7. see 2 
Sanders, Chasse yraa aoe ou. Schenectady....... Schenectady... 2 
Schoonmaker & Son....... .. Cedar Bill cckt..... Albany .2)..22% 1 
Sears. Geos, lise ants cemetsiek ste): French Creek...... Chautauqua . 2 
Seeper Di Vi. Happen ale sj... Perch River's ..,.|.Jefferson?. ....2 2 
Seeleya Rahs va5 vs cersteth) <i Waterloo........ Seneca, ... . 3.41 Li 
Selo ys Ave Hs iste .clscs «cet 4 SAO Pultneyville....... Wayne... 35 22% ait 
Seymour, J. L..... ear fl Qh als. Turin Pisaieriive- «.: Ihe Wisys,.y./aee- 1 
Shedd, Maurice H............ Mowell:. asset. ... Oneidayetoab ae 1 
Siddon, Chas.....+... enh des Syracusewtrcce4.- - Onondaga..... 2 
Simpson; Krank. 2:rslpewss . -.. US PEL eter wntatel. 2. Steuben... ..:. 1 
Smith; Carlos Ws... tosses. -,- Charlton re. :.. Saratoga. .... 1 
Smith, Clarence...... IRIS 3 Forestville,..../... Chautauqua.... 1 
POEM Wich Cite a. w Srotoan<ciateianl’ 3 Candori Sacmee.* DIO Pais voices 1 
SIGON ined Oise Ui ahha eran aan cane Forestville... ....: Chautauqua.... 1 
HOUbnardey > Wie. ses = meee ae Gilboa Ssdeonsdose). Schoharie ..... 1 
Simuotioyi, Clery Ieee seoeoor pale Wast Venice. iy. Cayuga ......: 2 
Sahin, dirty (Ceoiee contons oo eleva pilosa We PetHeISOM. «..Se-na 2 
AS ATE JESSey KG. oF. x... RI SHOIE Mredoniajia.2. Ac. Chautauqua.... 1 
LER ete Ele eraay tier sus cys eoises, ops Hilbae, a etacepeertoeieks Genesee....... 1 
Stephenson, Geo............. Ballston Spa...... Saratoga ...... 1 
cere ee ec et «ve bile ay Eagie Harbor...... Orleangee go. oe 2 
DUCE Ue Ais Olesei deter = costreranitres: Mariposa....... ...| Chenango..... 3 
StywWohny a Henny 95 Yash « Cohocton..... Fee 2 sa DECOR pay ty 5-58 1 
Sie Jobs CML in fora. ayer cies: Canajoharie ......-. Montgomery.... 1 
St. John, Lewis S .......... Canajoharie ....... Montgomery.... 1 
SC) Leal Oro: ROBIN ee ¢ ae Sc Pine Cis Wok oes 2 Chemung. .... 1 
RRERAS PEN NO Me oe mio ais erate wie ee St. Johnsville .....| Montgomery.... 1 
Strickland Wey) stevia t= 4 cect sc Albiony sechiac eyes <p | OrIGans) . 3294 < 6s. 1 
Suydam, NelsonS. ......... Binghamton. ..... ( BTOOMIGs.. -.:2 2 
Raber Hobe si (eas Poche s Wells Bridge...... Otsefor2zOr). ou: 1 
UphomSOnwHy lscg.stee pss oe Holland Patent ....| Oneida........ 1 
MovrenceM@lay sete. ce. as oe Gowanda ..... ...| Cattaraugus.... 2 
Tibbs Wlartin aWiy seat esc Ror ivalle yg stn cree, Cattaraugus.... 1 
ERM Meyer OU EE rare cise leechers Rardsville:< 2. A.c::|, OMELUA, .. <-c56.c.u' 1 
Rutile: CEs. sani Hiss ssi Smyenait we tis4sehse Chenango .... 2 
Hewatchiell Av sb ss. spss scsi IU aSE ss 2s sg. sim: OSWELO:. . . cae. 1 
‘yrrell; Geos... 2102. RIP Woleothe. Piss. Waayiie? 37 28h it 
LARUE Pa SIR rg eto te ps orcs VOC Oye fotos ayepeia:o Waynes...... -£ 1 
UIC EU WY or cca share cus rotates OWESO.. Pw. tine 4s WIOPS.... .acanes 1 
Vanderbilt, Chas........ i..-. AMNowayi. fsa. do Wayne........ 2 
Wan Buskirk, Ss Bsc. © seen =: Purdy. Creek......<.- Steuben’... --.2- 2 
Wanisantiond) Ac (Bins. ees. - - Tribes Hallet 2024 Montgomery.... 1 
Vary & Son, Nathan C.. .... Lot ete ee eee ial Oneida cg as 2 
Warren een ME. te items a, Catharine oa... |) SEMUyIel...s . s 3 
Wislkers PAs) Sect ce eteostesaas Portlands.. ass4e- Chautauqua..... 1 
Wiallkerwobp. alittvtcc ac aol MERON Eee ps saps eee Oneldainnss soe. 1 
Wallace? AiPostin. ci abun Morristown ........ St. Lawrence . 1 
WallistiBdiward! Give. esse. e<!- Aplin, Set -vie eaeeeke Onondaga ‘ 1 
error Ol. acca: cor atisisce's Newburgh: o..jocc.. Oranken ea 2 
Wigberbiiing Cs Bsc. tugs cet « ope: Whitelaw, pct: ye --6 Madison....... 3 
Watsons Maurice ites... 4,466: Center Village IBrOOMe ees cis 1 
Wiecksa@witiRiot .ciek de 3303 Scottsville......... Monroe ....... 1 
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Years of 
NAME OF EXPERIMENTER. Post office. County. experi- 

mentation. 

Wells; Geo: Si... SRA . 5: Knoxboro...... js 4|<Oneidaz,., aeee ta 3 
Wheeler, Oscar... . 200036... Hornellsville....... Steuben... ..... 1 
Wiheelock, Ey Wi ain ks. MexiGO! sage ets Oswerom a ceke 2 
Wihitcomibys Coates 8 ih oe = br. West Somerset..... INiaoaranniee ven 2 
AWA DUT, OL Bss cs oe fond were North Easton..... Washington... 1 
Wilcox, Bs Fsv¥Aeponannw. East Glenville......| Schenectady .... 1 
Walkinsons Ed. a@.. aeeeiss . Penn: Vian 7208.2 |... Mates. 400, 8 Wh: 1 
Williams, Krank. veuae. 2... Catatonke s7s0ete -(.: TO Rai raies fare «0 2 
Willing, We. Tis.... etalk. o-. Shermanis 20% + . | Chautauqua.... 2 
‘aWallson. John sR... ee = 5 «| aSHOrtsvallerein 4s ..,: On tan Ona ae 1 
Winters; Harry. B:... 2046 7f.... Smithboro..... ... DO Stings a 0sdr ea 2 
IWiG0G GEO e Wisco... Monee ts Northfield........ .| Delaware ...... 1 
Woodford, L, Lice. BOURY, ©. Berwiye soe ace: Onondaga...... 1 
Worden, Palmer...2s 000s... Fayetteville ....... Onondaga...... 1 
Wates: Martha G: ...,006 Chie. 2. Slaterville Springs..| Tompkins...... 3 
OTK, Ax Wh sirens RPO Me bs North Brookfield...| Madison........ 1 
Voung, Frank. Biosaiyayy: East Venice ....... Cayugan. +. 2200! 1 


* Mr. Wilbur furnished his own fertilizers. 


General results of the field experiments.— A study of all 
the experiments for three years recorded shows that of the three 
plant-foods when used alone, nitrogen gave the largest increased 
yield in 26 experiments, phosphoric acid in 58 experimeénts and 
potash in 36 experiments. This would seem to indicate that when 
one plant-food is used alone, phosphoric acid will in most eases give 
the best results. When a mixture of two plant-foods was applied, 
nitrogen and potash gave best results in 24 experiments, phosphoric 
acid and potash in 48 experiments, and nitrogen and phosphoric acid 
in 52 experiments. A comparison of a complete fertilizer and stable 
manure shows in 38 experiments the complete fertilizer gave better 
results, while in 54 cases stable manure produced the larger crops. 
These good results accompanying the use of stable manure may not 
be due so much to the plant-food it contains as to an improvement 
in the physical conditions of the soil. 

In only 40 cases out of a total of 126 recorded, did the complete 
fertilizer, a mixture of nitrate of soda, phosphate and muriate of 
potash, give better results than fertilizers containing one or two of 
the plant-foods. 

These results tend to show that more often it is some especially 
prepared rather than a complete fertilizer that a soil requires, and 
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that when a farmer uses commercial fertilizers he is often not fol- 
lowing the wisest policy ; he is simply “ going it blind” and _possi- 


bly throwing away money. 
: A. L. KNISELY. 


Norr.— Farmers wishing to co operate with the Experiment Station in con- 
ducting field experiments with fertilizers should make application soon to G. C. 
Caldwell, chemist. Then if the Station is permitted to continue this experimen- 
tal work, much valuable time lost in correspondence will have been saved. 
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CorNELL UNIVERSITY, i 
Iruaca, N. Y., Feb. 20, 1900. } 


Tue HonorasiE Commissioner or AGRICULTURE, ALBANY, N. Y.: 


Sir. — This bulletin is submitted for publication under Chapter 
430 of the Laws of 1899. It has been prepared by Mr. W. A. 
Murrill and embodies the results of experiments extending over one 
year, together with a résumé of the investigations on the same subject 
which are set forth in full in Bulletin 164. The Peach Leaf-Curl 
during the last few years has become a menace to the peach indus- 
try in many parts of the State. The two years’ experiments lead 
to the conclusion that the leaf-curl of the peach can be easily con- 
trolled when proper and timely treatment is given. This bulletin is 
valuable because it has established the fact that the foliage of peach 
trees, even of the more tender variety, may be healthy and vigor- 
ous, and because it gives specific directions as to the time of spray- 
ing, the kind of spray material and the method of application. 

The investigations in Niagara County have been conducted on a 
large scale that some tacts might be secured to guide the peach 
grower as to the cost and practicability of treating large orchards. 
The investigations conducted at Trumansburgh, were on a smaller 
scale but large enough to give reliable results. 


EL. P. ROBERTS, 


Director. 
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THE PREVENTION OF PEACH LEAF-CURL. 


In bulletin 164 of this Station, Dr. B. M. Duggar has given an 
account of the appearance and life ‘history of the fungus causing 
leaf-curl of the peach, with the results of some very successful 
experiments undertaken by him for its prevention. It was for the 
purpose of farther testing these and other treatments on a commer- 
cial scale that the experiments here recorded were planned. 


Tue OrcHArRDS SELECTED FOR EXPERIMENT. 


The orchards selected for the experiments have, taken together, 
presented a variety of conditions of soil, moisture, and exposure, as 
well as wide differences in the trees themselves. The Eiberta variety 
has been given the preference because of its well-known suscepti- 
bility to curl, but Early Crawford, Hill’s Chili, Brigdon, Mountain 
Rose, Globe, Beer’s Late, and seedling trees have also been included 
in the experiments. Of these varieties, some trees have been young 
and others old, some fruiting heavily and others entirely without 
fruit, some isolated and some surrounded by trees of the same or 
different varieties, some sprayed during the season of ’98, but most 
of them treated in ’99 for the first time. 


Tur Season or 1899. 


The season of 1899 was a peculiar one and not very satisfactory 
for experiments with leaf-curl. The weather in April and early 
May was unusually bright and dry. The leaves were out much in 
advance of the flowers and were very large when the petals fell. 
The curl that appeared was doubtless developed for the most part 
by the short season of cold, rainy weather that occurred about the 
middle of May. There was little difference in varieties as regards 
the abundance of curl, but individual trees showed marked differ- 


ences. The worst cases of curl I noticed were on Yellow St. John 
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in the Bradley orchard near Somerset, Niagara Co. Trees affected 
with the yellows or otherwise enfeebled showed little or no tendeney 
to curl. 

Estimatine THE Amount or Curt. 


While the past season has not been favorable to the develop- 
ment of peach-curl, it has been possible to make the estimates in the 
following experiments with more than usual accuracy. In Mr. 
Lutts’ Elberta block of one hundred and seventy-six trees, the curled 
leaves were all counted. The same method was used in Mr. Wright’s 
orchard of one hundred and thirty-eight trees. With this experience 
as a basis and by tedious comparisons of row with row and tree with 
tree, stopping again and again to correct the estimates by actual 
counting, I have obtained the results given in the tables to follow. 
As a further precaution against error, all records of treatments were 
left behind when the estimates were made; and, in nearly every 
case, the owner of the orchard has kindly accompanied me to check 
the results. 


EXPERIMENT I. 


This is a continuation of the experiment described in Bulletin 
164, pp. 379-880. The frontispiece, taken from Fig. 68 of that 
bulletin, shows the effect of early spraying as compared with 
late. The row on the right received its spraying with Bordeaux on 
April 8, the one on the left May 10. From the experience of the 
past year, we can add very little to the results already published for 
this block. Following is the plan of the experiment with a table 
showing the treatments used and their comparative effects on the 
curl. Early in the season aphis and bud moth appeared in abund- 
ance, and a hail storm later on still farther complicated the injuries, 
so that the effects of the solutions on the foliage were not estimated. 
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These eight rows, of seven trees each, were selected by Mr. Duggar, for his 
experiments in 1898. Copper carbonate alone is represented by x, but when pre 
ceded by Bordeaux mixture the x is inscribed in a circle. 
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EXPERIMENT I.— Tasie or R&svtts. 


Relative 
z g Treatment Apr. 6. Treatment May 19. Treatment May 27. pee 
= | & June 15. 
1 Checkcbpeecist = Checkestancetonan Check. ig Saeeii 200 
2 Bordeaux 6-4-50 | Bordeaux 6-4-50.... | Bordeaux 6-4-50.... ie 
3 “e m3 
4 ss es Potassium Sulfid ... | Potassium Sulfid.... 15 
5 “e ce 1 12 
6 | Potassium Sulfid... | Potassium Sulfid.... 127 
of Bordeaux 6-4-50 | Ammoniacal Copper 
Carbonate ........ Ammoniacal Copper 
Carbonate ....... 16 
8 | 1-3 a sf Ammoniacal Copper 
Carbonate ........ Ammoniacal Copper 
Carbonates . sec 12 
8 4-7 Ammoniacal Copper 
Carbonate ........ Ammoniacal Copper dt 
Carbonate™%--.--- 


Bordeaux 6-4-50 represents the normal mixture 
made with six pounds of copper sulfate, four 
pounds of good quick-lime, and fifty gallons of 
water. 

EXPERIMENT II. 

The orchard of Mr. H. 8. Wright, upon 
which this experiment was made, is situ- 
ated quite apart from other orchards of its 
kind, on the slope of West Hill, Ithaca, 
two or three hundred feet, perhaps, above 
the level of the principal portion of the 
city. It corsists of young trees and suf- 
fered badly from curl in °98, but has not 
been sprayed until the season just passed. 
Elberta and Early Crawford varieties are 
about equally represented, the latter occu- 
pying mainly the southern portion of the 
block. The trees matured a good crop of 
fruit. Following the table of results by 
rows, is given one showing the comparative 
effectiveness of the solutions used. 
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Expermentr II.— Taste II, Saowine Resutrs py Rows. 
Date of Relative 
Row. | Treatment. Treatment. pean ged or 
1 (GWEC ere ren besser; oe hg varies n shed shay eererate ete 12 
2 | April 5 Bordeawx 6-4-5084 22h Ae. te bets a= he's ere ayana 8 ahs 0 
3 EO Bord Gaui 8200 secs seh 3s. siyad shoiane arte spots tei steps 2 
4 a Copper Sulfate PO as tags tele Sekajaia, oNeusla, Seenevaxeye shes 0 
5 rs REOOO Ss ine, MISBAIE EOS «STE arere 4 
6 ef Lim Cpe = Olea er Soeseeks pice ole Sisko © ores om eaten erat 6 
7 Checks tcc prvetinc oes s eeaee teeta a ates eters 10 
8 | May 5.... Bordeaux Ce oR care vara sie ts «nape malas, natstaye Seip 0 
Og eae a ea | Mee en MR RRS Mae Rete 0 
10 :. Copper Sulfatevi—2o0pies.., ters. othe Sa. oth 3 
11 cs BE NOON ag ee re nape oxraeh alors 3 
12 OHecw SAL Sia Seven oe ce ek me Bas ote 22 
13 ss Copper Sulfate ADO secret fertvsnts Stare sole lore aualeeoveie 2 
14 : | a Ne PAA kA SMR For 0 
15 be Bordeaux 8=2250R 52s ee. a AR cree 0 
16 yS ‘ GARD UD yee eld le BA oye She eyes wk 0 
ize (GHC Chey Bie rcrte tacent crm mreraiere ra toner cha erst nvara roy eeaepiecera eer 40 
18 | April 5 AMC 2379/5 caettags elas. SOS ad terse Jeb 1 
19 a Copper SUMMEATO COO ine cieas isasrc ser sucker ope teneys 4 
20 sf “omd SPOR 1 AS Oe Ee 0 
21 on Bord eawK-8—2-) Oech, aud «fol penetra uy aes sciss- 0 
22 ¥ Se GHAR OU creers simicvereiistel cosieidin sce « sictetete 0 
23 Check ees? sc eee ees Seer | SL Aes os Poche aed 30 


Experiment II.— Taste 2. 


Treatments compared by averaging the amounts of curl on rows receiving 
the same treatment. 


Average 
Date of Treatment. Treatment. amounts 
of curl. 
GECKO Seah veer a ieleiniiege Aue Several Wage wD aust aatereiete 22 
PASTIME D Sea cyetrevslotote Bordeaux GAD OIE He ARTs thao eterna ia ohare: Pe avalos 0 
Sei een! Wa "al ance: EET eae Ia te OBA COE at ree Mee ee 1 
oe Necro ae aearee Copper UMP TSM Od tears et sie, pe sass siers) rere oles vernneren- 0 

SA il oveP aclounn cite xs oR sl 250 Ia het vad tanseanens mien Pot asl ope 3.5 

SMe Te oad lategecave MEETING ESO Capa ee cese eo er cee meres Saiki 2 oie: Sista eagle 3.5 
May dishie adie: Bord eax: G=4=50 eee 5 ee ee Newton ciara re- iain o evere 0 
EN ee erate ee aT Us MOneilc as Soe Bros thas Shen Semen een ae 0 

Saeed rene Copper SUMbate I= COOR eeteccetre 2 ss ait ereietse s sreerctere ers 1.5 

Pe aeee. Atha tat See 1 DOOM S Sere crceccree ee ey eee 2.5 


In the Bordeaux mixtures used in the above tables, the first figure represents 
pounds of copper sulfate, the last gallons of water, and the middle one, separated 


from the others by dashes, represents pounds of unslacked lime. 


When copper 


‘sulfate or lime is used alone with water, the last number represents gallons of 
water and the first the copper sulfate or the lime in pounds. 
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Experiment III. 


The trees used for this experiment were chosen from the orchard 


of Messrs. King and Robinson in Seneca 
Co., on the west shore of Cayuga lake, 
two miles north of Trumansburg. 
When the curl first appeared in 1898, 
which was late in the season, the orchard 
was sprayed with Bordeaux, but with- 
out noticeable effect on the curl. The 
past year it was again sprayed with 
Bordeaux, but early in April, and it was 
at that time that my experiments were 
made. 

The varieties in this orchard most 
affected with curl in ’98 were Elberta 
and Mountain Rose, Hill’s Chili suffer- 
ing very little; but in ’99, Hill’s Chili 
seems to have been affected more than 
any other variety. The spraying was 
done April 8, the rows running across 
varieties as shown in the plan. Ksti- 
mates were taken July 5. Table 1 gives 
results for different treatments ; Table 2 
for individual trees in a single row, 
enabling one to compare varieties. All 
of these trees are very large and were 
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Om O-.0. © 4OG 0% O70. © OO; OO" 60 GOMOr.O 

(o} {eo} - ©) 0) ON) WO) 19) 2) Or CHC) Cl @> © 
ObO On OF OmOn Om Ol OOO Om On OmO ms Om© 


: 


Checks are represented by +. 


heavily loaded with fruit. There were no injuries to the foliage. 


Exprertment III].— Tasrir 1.— A Comparison or TREAMENTS. 


Row. Treatment. Amount of curl. 
il Bordeawtx |6=6=008 =. nga cs cers erdeereniere One leaf to the tree 
2 4 DHO—OO A ade Vs sde ee cite eae Seven leaves to the tree 
3 ime e-Oasscoa ae Paleys tiepane. Aedes papa teasers Fifteen leaves to the tree 
3251(Cheelks 0 | ei: astd aging. 4 sade eiat tebe Mate: Three per cent 
4 | Copper sulfate: 4-50. tack thie sacietceee nie Twelve leaves to the tree 
5 ‘ . PLO asco. stenktgen a orenieeied Forty leaves to the tree 


— ———— 
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Experiment IIJ.— Tasie 2.— A Comparison or VARIETIES. 


Tree. Variety. Treatment. Amount of curl. 
AL SeeELaIESe CUI: craton tore cvs ULM Cate exe BAe, eiicePeh a arene None 
2 CE peliiesnercl SToel sia iat crete ar ce PaUNsR ener ele ateiteceger Less than 1 per cent 
3 Pe i Spe a Saeed Check navies Eiekordet oe acs 7 per cent 
4 Fe gr a nee Tah eR CIOS Pata None (set later) 
DE BSTLL COM as icr «cine esi sie TRIM Sree eet lace te. sre 4 per cent 
6 hes 2 Sathias titoniaxer ye ces OS) odo 5966, “Aeouasgidc + per cent 
ra DNA Sisyaneerhag aPLae TS Sep Maret cave’ Shia svete | 4 per cent 
: MUARESs choc ie seislokelarstata’s!> Clrecke yas cer crete orecreres Less than 1 per cent 
10 oe Nee eae stake RE Si, «Ayes ets eoteietcttess % 
Le Mountain: Rosesss. 0. - - Po rags ol shoe eV atene epee 5 per cent 
12 BO, bie aioreratal bs Seen atte sears: sige oll ace 5 per cent 
13 ce epee Bad Galeria Nes brag @ See 5 per cent 
14 Sitteeet Boeksegee WAPAGY Sater chee Cees e Five leaves to the tree 
15 eee orivsiraghstors OE SPO TON alo Meee . Ss * 
Gini GlODe ise alee o sleteineieie oe peat Melnie eteierteter ait i aS x 
17 Ce ORD Ht ee OM CORE Cee Saas fin sietics 5 per cent 


In the Bordeaux mixturcs used iu the above tables, the first figure represents 
pounds of copper sulfate, the last gallons of water, and the middle one, separated 
from the others by dashes, represents pounds of unslaked lime. When copper 
sulfate or lime is used alone with water, the last number represents gallons of 
water and the first the copper sulfate or the lime in pounds. 


Experiment LV. 


‘Experiment IV was made upon a young Elberta orchard belong- 
ing to Mr. Henry Lutts, situated two miles east of Youngstown in 
the northwestern corner of Niagara county. The orchard had 
received no treatment before 99. The trees have been set five 
years and were badly attacked with curl in’98. There was no crop 
of fruit in the past season. The estimates have all been made by 
actual counting and the results are given in a table following the 
plan of this experiment. As may be seen from the plan, there are 
eleven rows of trees, with sixteen trees to the row. Checks are 
indicated by the plus sign, those treated with Bordeaux 6-850 by a 
square, and those with Bordeaux 3-3-50 by a tilted square. Lime 
1-5 is represented by an inscribed line, lime 1-3 by an inscribed tri- 
angle, and lime 1-2 by an inscribed square. 
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Puan or Exvertment IV. 
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Experiment I1V.—Tasrie or Resvutts with Exvserta TREES 
OpraInEeD By AcruaL Count. 

Relative 

Row. | Tree. Treatment April 11-13. Treatment May 11-13. ano 
June 13 

1 Bordeaux 6-4—-50. . Bordeaux A-A-5O0 “alas 8 

2 | uC 6—=6—00 ees soe saen ee 0 

3 ae 6-06-50. 5 oe ee] es S—3—DOM Ss. ER 23 

4 <¢ 323-50... 2208s 46 3-38-50 ae ito 20 

Ls Sp bas ia al bape, tart oe ea een oy 6=8-008 oo. ice cee 247 

BiG 10 da@herk vet aasactiters. : Checky:senea- tase eee 3520 

Sol Gal ae wae ee ek war trae casi cell iBordeaixs—o—) Oe ee 608 

6 Bordeaux G—4ESOR? 2 Loy Sua ALI HRGS SOUS AE Te 209 

te Copper sulfate LU Rae ler SECEE ICS Ob eo ono Goce 854 

8 4-50...... Copper sulfate 1- BOO e eens toe 450 

9 tj 4 4—-50;..... | I—DOO Ss  yeverer 512 

10 sé es A= terse | BOrd eae. () sree 70 

12) 1=—-5) (AME ISA), LILY AS ToNs eT IPoes Se. BEL Pate 640 

11 | 6-10 1) i ee nn eer see Oe Oe Sar MEE See GS 1552 

11 hie bas ee eM mH Liat al Lal Se te wy Me ol tS 1376 


Lies 


In the Bordeaux mixtures used in the above table the first figure represents 


pounds of copper sulfate, the last gallons of water, and the middle one, sepa- 


rated from the others by dashes, represents pounds of unslaked lime. 


When 


copper sulfate or lime is used alone with water, the last number represents gal- 
lons of water and the first the copper sulfate or the lime in pounds, 


Tur Prevention or Pracu Lear-Curt. 353 


EXPERIMENT VY. 


The trees included in this plot were also selected from one of the 
orchards belonging to Mr. Lutts. They were all of the Beer’s Late 
variety and were inclosed on three sides by unsprayed trees. They 
curled badly in ’98, though not so much as the Elbertas, and have 
not been sprayed until the past year. The trees are six years old 
and have about twenty thousand leaves to the tree. There was no 
crop in ’99. <A plan and table of results follow, as in the preceding 
experiments. 


Puan or EXxpERIMeEn’ V. 
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From Mr. Lutts’ block of the Beer's Late variety. The number and arrange- 
‘ment of the trees is the same as in experiment IV and the signs used have the 
same significance as in that experiment. 

23 
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EXPERIMENT V.— TABLE oF Resvutts witH BeEer’s Late. 


= 3 Treatment April 11-13. Treatment April 11-13. Ge of curl 
2 | 4 
1 Bordeaux 6-4-50..... Bordeaux 4-4-50...... None 
2 6-6-50..... 6-6-50..... se 
3 up 6-6-50. ... et 3-3-50...... +f 
ab 3-3-50 ee 3-3-50. .... is 
5 PGW O SR Aas. dentaecstive Mtns. * 6-8-50 . .. | Two leaves to the 
| tree 
Dai t6 gy CHECK occ Seen acc cies CHECK: Rete a ae eee | 4 per cent on all 
checks 
6 Bordeaux 6—-4-50..... Ten leaves to the 
aelatehe.. Hetonshe clare perme eparater ele trve 
7 Copper sulfate AS ODS Aotrn: sa aertacet vcbal ater oe 1 per cent 
8 4-50... Copper sulfate 1-250. .| 4 per cent 
9 oS 4-50.. 1-500. .| 4 per cent 
10 a 4-50..| Bordeaux 4-4-50... .. None 
alt ime! 2<0 2 Bika Ae ee | RAs a ce ct ones orci 2 per cent 


In the Bordeaux mixtures used in the above table the first figure represents 
pounds of copper sulfate, the last gallons of water, and the middle one, separated 
from the others by dashes, represents pounds of unslaked lime. When copper 
sulfate or lime is used alone with water, the last number represents gallons of 
water and the first the copper sulfate or the lime in pounds. 


Exprrtment VI. 

This experiment was made upon a block of Elberta trees chosen 
from the orchard of Mr. W. T. Mann, one mile west of Somerset, 
in the northeastern corner of Niagara county. The trees were set 
in ’°94 and suffered from the curl in ’97 and ’98, but were not 
sprayed before 99. They are very thrifty and bore a large crop of 
fruit the past season. The orchard from which these trees were 
selected was sprayed early in the spring with Bordeaux. 

Injuries to foliage were observed with some care in this block. 
The lime used was of the best quality and both it and the copper 
sulfate were carefully weighed, as was done in the other experi- 
ments; but it soon became evident that the normal Bordeaux mix- 
ture contained too much copper sulfate for the foliage of the 
peach. Injuries began to appear two weeks after the second 
spraying. The foliage took on an unhealthy look; shot-holes 
and yellow tips were abundant and many leaves fell from the 
trees. By June 14, the injuries to rows 3, 4, 5, 7, 8 and i2 
were equally apparent, and doubtless greater than those sus- 
tained by the check rows from the attacks of the curl. Row 
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2, treated with comparatively 
weak Bordeaux, did not at that 
time show much injury. All of 
the rows which received only the 
first spraying remained in fine 
condition. 

By July 8, on all trees sprayed 
late with Bordeaux the foliage 
was thin and the ground beneath 
the trees was thickly covered 
On August 


8, the rows all appeared about 


with yellow leaves. 


alike, since the injured leaves 
had mostly fallen or become con- 
Very 
had fallen 


cealed by the new growth. 
few curled leaves 
from the checks. The loss of 
foliage on rows receiving the 
second spraying with Bordeaux 
affected to some extent the quality 
of the fruit on these rows. 


Injuries to foliage in experi- 


Praca Lrar-Curt. 
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ments IV and V were practically the same as those recorded above. 


Experiment VI.— Tasxe or Resutts. 


Row Treatment April 14. Treatment May 15. hint Be 
eurl June 14. 
al Bordeaux Un eat, ee oan Cet Monet coe a ath oer mee 18 
2 G4 =D create eheie sce Bordeaux SaO—DO chs tose oabsie rs 2 
3 a C4450 ee. AASSOM sees 0 
4 ss G=6=50) seis Bek Ss 626-50) 2s censors 0.50 
5 s TSHR ecrerstole mescale es BS | Eee care 2 
GrlCheck s/s... Hea eae Check psh.5oh see sces 1500 
7 Bordeaux 6-6-50.......... 31 
8 Copper sulfate 4-50........., s A=A-50 leat. 25 HEED. 0.33 
9 4-50... Coppersulfate -eac.ss-ce a. 0.50 
10 Be AON FE STE (PEN CUE RTS tone 00S | phe 19 
G4 es PPA ROR a | eas ae cg a hoe ol ane oar 34 
Se MEM ot ea ies ee te Bordeaux 4—4-50........... 0.66 
13 pbeloat bis esta ies. alatvin es Fan hes. 8 aaah. ts 375 
14 SaPRIE Oar jer tate Neve atari Ik, tence suerte ek Coe cet bes Steet Po 750 
PGs Ghieelo tice tics LAG 1a", 10 Cheeks iO, MGI. 5 cee: 1500 
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CoNncLUSIONS. 


There is no good reason for giving up the Elberta or any other 
variety of peach sensitive to leaf-curl, as this disease can be con- 
trolled by spraying at trifling expense. 

Of the three substances employed as fungicides in these experi- 
ments, the Bordeaux mixture is the most useful; and, though sev- 
eral different strengths of this mixture have been found nearly equal 
in efticiency the past season, for the early spraying a strong solution 
is recommended. When Bordeaux of good strength is used early 
and a season of warm, dry weather follows, continuing as late as the 
middle of May, a second spraying is not profitable. But if the 
weather is cold and wet, it is well to spray again with Bordeaux after 
the petals fall, using only two pounds of copper sulfate (with excess 
of lime) to fifty gallons of water, for, notwithstanding some state- 
ments to the contrary, the foliage of the peach seems sensitive to 
stronger solutions. 

The treatment, then, for the prevention of peach leaf-curl based 
upon my own and other experiments is briefly as follows: 

1. Spray with Bordeaux consisting of 6 lbs. of copper sulfate, 4 
lbs. of good quick-lime, and 50 gals. of water about the first of 
April when the buds are beginning to swell. 

2. Spray again when the petals have fallen with Bordeaux con- 
sisting of 2 lbs. of copper sulfate, 2 lbs. of good quick-lime, and 50 
gals. of water. If the weather of April and early May is warm 
and dry, this second spraying may be omitted. 

Lime or copper sulfate alone with water have been almost as effective as Bor- 
deaux the pst season when used for the first spraying and followed later by 
Bordeaux, but their effects are not so lasting, particularly in rainy weather, and 
whether the season is favorable or unfavorable, the second spraying with Bor- 


deaux should not be omitted when lime cr copper sulfate are used alone for the 
first. 


How to Maxr tHe BorpEavux. 


Prepare a stock solution by suspending 25 Ibs. of copper sulfate 
in a coarse sack in 25 gals. of water for a day or more until com- 
pletely dissolved. To make 50 gals. of strong Bordeaux for the 
early spraying, take 6 gals. of the stock solution and dilute it with 
19 gals. of water. Weigh out 4 lbs. of the best quick-lime, slake it 
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slowly, dilute to 25 gals., and strain through a metallic sieve into 
the copper sulfate solution while the latter is being stirred. 

To prepare 50 gals. of the weak Bordeaux for the late spraying, 
proceed in the same manner, using 2 gals. of the stock solution of 
copper sulfate, 2 lbs. of quick-lime, and 48 gals. of water. 

Those conducting spraying operations on a larger scale will find 
it convenient to prepare tifty gallons or more of the stock solution 
of copper sulfate, keeping it covered to prevent evaporation, and to 
slake a considerable quantity of lime at once and keep it in the 
form of a paste in a barrel partially sunk in the ground or in a 
trough made specially for the purpose. If the surface of the paste 
is kept covered with a little water, the lime may be preserved for an 
indefinite length of time in this form and the amount required for 
a given quantity of Bordeaux determined by testing the mixture 
with a solution of potassium ferrocyanid in about ten parts of water. 
A drop of this solution on being added to a solution of copper sul- 
fate produces immediately a dark reddish brown color. When suf- 
ficient lime has been added in the preparation of the Bordeaux 
mixture, this change in color does not occur on the addition of 
potassium ferrocyanid. It is well to add a little more lime, even 
after the test indicates a sufficient quantity, since a large excess of 
lime is rather a benefit than otherwise, while a slight excess of cop- 
per sulfate nay prove injurious to the foliage. A first-class spray- 
ing outfit and a convenient water supply are very important where 
much spraying is attempted. 


W. A. MURRILL. 


The writer’s thanks are due Messrs. King and Robinson, of Trumansburg, Mr. 
H. 8. Wright, of Ithaca, Mr. Henry Lutts, of Youngstown, and Mr. W. T. Mann, 
of Barker, who have offered their orchards for the above experiments and most 
heartily coédperated with him to make them successful. 
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Corne_u Universiry, 
Irnaca, N. Y., March 1, 1900. 


HonoraBLE CoMMISSsIONER OF AGRICULTURE, ALBANY, N. Y.: 


Sir.— One of the most trying experiences of the orchardist and 
also one of the most frequent, is to see his trees bloom but not set 
fruit. Various investigations of such difficulties have been made 
and published, but much more needs to be done. In order to under- 
stand the subject, particularly in its relations to practical orchard- 
ing, an investigation was set on foot by Professor Bailey. This 
investigation has been continued three years under his direction and 
supervision, and the summary results are published in this bulletin, 
which is submitted for publication under chapter 430 of the Laws 
of 1899. 

The study of pollination in orchards is made necessary by the 
rise of commercial fruit-growing. When fruit is grown only for 
home use, or in small areas for a local market, there is not likely to 
be serious loss from imperfect pollination ; but in large commercial 
orchards, any general unfruitfulness from this source is quickly 
noticed. The commercial orchard seems destined to be the most 
‘important single factor in American horticulture, and with its 
growth comes a corresponding increase in the lability of loss from 
imperfect pollination. This bulletin will find its greatest usefulness, 
therefore, in the hands of the commercial fruit-grower. Aside from 
extended investigations in this State, experiences have been secured 
from all parts of the country. 

This bulletin is divided into two parts: 

I. Incidental or occasional causes for loss of fruit. 

II. Self-sterility, which is the main part of the work. 

Respectfully submitted, 


I. P. ROBERTS, 


Director. 
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68.—At 7 a. m. 


65.—The structure of a plum blossom. 


se. sepals; p. petals; sta. stamens ; o. it Jt _ a 
ovary, 8. style; st. stigma. The pistil me : es ne 
is comprised of the ovary, style and FON 


stigma. It contains the female part. 
The stamens are tipped with anthers 
in which the pollen, or male part, is 
borne. The ovary, 0, ripens into the 
Srutt. 


69.—At 10 a. m. 


66.— B, wollen escaping from 
anther. A, pollen germinating 
on the stigma. Enlarged. The 
transfer of pollen to the stigma is 
called pollination. 


%1.— At 8 a. m. the next 


morning. 
67.—Pollen grain 
germinating. 
Greatly magni- 68-71.— T he opening of a flower of Kieffer 
fied. pear. The flowers of pears and 
apples have five styles and stig- 
65-67.— Details of a fruit blossom. mas. All natural size. 


(Courtesy of American Gardening.) 
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POLLINATION IN ORCHARDS. 


I. VARIOUS REASONS WHY FLOWERS DO NOT SET. 


All observing fruit-growers have seen trees which blossom full 
but do not set a fair amount of fruit; many have found their orch- 
ards unprofitable for this reason. It is a practical point to know 
the causes of this loss and the best way to prevent it. 


Nor Auu tHE Frowers Can Set Frorr. 


In the first place, but a small percentage of the blossoms set fruit 
anyway, even in the most favorable seasons and with the most pro- 
ductive varieties. In blossoming time a Japanese plum tree is a 
inass of white, carrying scores of flowers on a single branch; yet 
scarcely a dozen fruits may set on that twig, and some of those 
must be removed or the tree will overbear. In the pollination work 
at Ithaca in 1899, 4,725 untouched blossoms, including apples, pears, 
plums and apricots, set but 617 fruits. The blossoms counted were 
those on the tree at large and were used for comparison with the 
hand crosses. This is about one fruit for every eight blossoms ; yet 
most of the trees set what would be called a good crop. All of 
these blossoms were apparently uninjured by the winter, and the 
weather during the blossoming season was very favorable for the 
setting of fruit. 

This normal failure in the setting of fruit blossoms may be due to 
a number of causes; as poorly nourished fruit buds, lack of polli- 
nation, or winter injury to the pistils which cannot be seen with the 
eye alone. It is usually a distinct advantage to the fruit-grower, as 
it saves thinning. If all plum blossoms set fruit, the expense of 
thinning would be multiplied many times. Only when the failure 
of fruit blossoms to set becomes general, does the fruit-grower feel 
the loss and call for an explanation. 


This wholesale failure in the setting of fruit is often called self- 
363 
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sterility. Properly speaking, a self-sterile tree is one which is self- 
unfruitful; it must have other varieties near it in order to bear well. 
But it appears that self-sterility in orchard fruits is often confused 
with the unfruitfulness resulting from other causes. It wou!d there- 
fore be well to clear away this confusion at the outset, in order that the 
discussion of self-sterility may be better understood. The infinences 
which sometimes make trees unfruitful, which are often confused 
with the unfruitfulness resulting from self-sterility, are (1) heavy 
wood growth, (2) the attack of fungi on the blossoms, (3) frosts, 
(4) unfavorable weather during the blooming season. It should also 
be said that a tree is not self-sterile when it does not blossom. This 
bulletin does not attempt to tell why trees do not bloom, except 
that it is generally due to poor management. The only thing which 
concerns us now is, why trees which blossom full do not set a rea- 
sonable amount of fruit. 


Brossoms May Drop Brecavsrt or Heavy Woop GrowTu. 


Young trees generally set little or no fruit the first few years, 
when they are growing fast, although they may blossom full. With 
most varieties this early dropping of the blossoms occurs only two 
or three seasons, but Northern Spy and a few other varieties of apples 
are often unfruitful ten to thirteen years from this cause Older 
trees may show the sdme results if stimulated too highly with nitro- 
genous fertilizers. The logical remedy is to check this excessive 
growth of wood by withholding nitrogen or by putting the orchard 
into sod for a few years. 

The direct cause of this unfruitfulness is not known. The sta- 
mens and pistils are usually well developed and pollen may be pro- 
duced in abundance. Since young trees drop their blossoms as badly 
in a mixed orchard where other pollen is available, as when alone, 
the trouble probably lies more with the pistils than with the pollen. 

Up to this limit of excessive growth, there is a fairly constant 
relation between the vigor of a tree and its productiveness. Lack of 
vigor causes much more unfruitfulness than excessive vigor. If a 
tree is unhealthy or dying because of poor nourishment, few of its 
blossoms are strong enough to set fruit. The same results may fol- 
low if the tree is exhausted by over-bearing. 


PoLLINATION IN ORCHARDS. 
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Buiossoms May Br Kitten sy Funet. 


If the weather is warm and wet in early spring, conditions are 
favorable for the growth of fungi and it sometimes happens that 


fruit blossoms are “blasted” by the early growth 
of these parasites. The common brown rot fun- 
gus often kills peach blossoms and may seriously 
decrease the setting of fruit. It is probable that 
this fungus sometimes attacks plum and cherry 
blossoms also. Apple and pear scab may kill the 
blossoms, but more often it kills the young .ruits 
soon after they are set. Wherever spraying 1s 
practiced faithfully, the killing of fruit blossoms 
by fungi need not occur, especially if one thor- 
ough application is made to the trees before the 
buds open. The killing of pear blossoms by 
blight, however, cannot be prevented by spray- 
ing. The blossoms on Kieffer and LeConte 
trees are especially liable to be destroyed by the 
growth of blight microbes, which are carried 
from flower to flower. The only way to pre- 
vent this loss is to have no blighted trees in or 
near the orchard. 


WINTER AND Sprine Frosr May Insure THE 
Buossoms. 


The unfruitfulness arising from winter or 
spring frost injury is sometimes confused with 
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72.— Winter-injured 
fruit buds of Royal 


apricot. 


self-sterility. Various forms of winter 


f) 
Fe 


73.— Winter-injured fruit buds 
of Bietigheimer apple. 


injury to fruit buds are shown in Figs. 
72-77. At A in Fig. 72 is a fruit bud 
which has been completely winter-killed 
and has made no growth whatever. 6B 
and C are buds which will never be able 
to open; while D is a very weak blossom 
which cannot set fruit. The single open 
flower on this branch is the only one 


which can possibly set fruit. A winter-injured cluster of Bietig- 
heimer blossoms is seen in Fig. 73, with a section of one bud in Fig. 
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74 to show the shriveled stamens and pistils. The leaves in this 
cluster came through all right, but the flowers were injured. The 
single Hower which has expanded is too small and weak to develop 
into fruit. These winter-injured clusters were common on all varie- 
ties of pears, particularly Angouleme and Manning Elizabeth, and 
on some varieties of apples, in the spring of 1899. 

Two forms of winter or spring frost injury to the pistils are seen 
in Figs, 75 and 76, with a normal blossom for comparison in Fig. 77. 
A common form of injury is that in Fig. 75, in which the pistil is 
blackened and stunted, having made no perceptible 
growth during the opening of the flower. These 
pistils always drop from the tree soon after the 
petals have fallen. Another and not less common 
form of injury is that in Fig. 76, in which the pistil 
has made a partial growth but has no well developed 


ovary. Unless a careful examination is made, blos- 
soms like this would not be considered as winter- 
74.— Sectionofone , , ’ ; 
bud in Fig. 73. injured. Of fifty which were tagged, none gave 
fruit, although several fruits grew to the size of 
peas. The killing of the pistils is the most common form of winter 
injury to fruit buds. Some of the native and Japanese plums had 
as high as 80 per cent of defective pistils last spring, but with their 
eaormous amount of bloom this did not materially decrease the crop 
of fruit which the trees were able to carry. The Japanese plums 
bloom so early that their blossoms are liable to be injured by frost 
in the middle states and south. 

It is thus seen that the injury to fruit blossoms from cold is of 
all degrees. During the opening of a normal 
flower, the pistil grows. It is often taken for 
granted that if this growth occurs the pistil is 
uninjured; but it may be that even though a 
pistil reaches its full size, it may yet be so 
injured that it cannot develop into fruit. In 
1899 about ten per cent of the blossom buds of 45. Catherine apri- 
a royal apricot opened fully, like the one in cot; injured pistit. 
Fig. 72. All of these blossoms appeared to be 
perfect, with long pistils, plump ovaries and well developed stamens. 
Yet hardly a dozen fruits set on the whole tree, although the weather 
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during the blooming season was ideal, bees were numerous, and some 
of the flowers were even crossed by hand with the pollen of other 
varieties. Since the variety had already shown itself so susceptible 
to winter injury, it is probable that this wholesale failure was due 
to the weakened vitality of the pistils, 
which could not be seen with the eye 
alone. 

Some of the imperfect development 
of flowers which we attribute to winter 
injury may be caused by unfavorable 
conditions during the previous season, 
when the buds were being formed ; yet 
it seems likely that winter injury to 76.—Catherine; injured pistil. 
pistils is more common and more serious 
than appears at first sight. These remarks on winter injury are 
introduced simply to emphasize the fact that all blossoms which do 
not set fruit are not self-sterile ; and also to promote a more careful 
discrimination between the various causes which decrease the setting 
of fruit. 


Rain May Insure Froir Buossoms. 


The unfruitfulness which often follows a rain during the bloom- 
ing season is sometimes confused with self-sterility. A careful fruit- 
grower watches the weather anxiously 
when his trees are in blossom, for he 
knows this is the most critical period in 
the growth of the crop. Injury to fruit 
blossoms from rain is common wherever 
fruit is grown, but is particularly serious 
along the Pacific coast and near the shores 
of the Great Lakes. It has been estimated 
that more fruit is lost in California from 
cold rains during blooming time than 
from all other causes combined. Like winter injury to fruit buds, 
there is no way of preventing this loss except to secure a most favor- 
able location, since it is not in man’s power to prevent rain, however 
much he may be able to induce it by bombarding the sky. Never 


77.— Catherine; normal 


Slower. 
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theless it is interesting to know in what way rain decreases the setting 
of fruit. | 

If a rain comes while the trees are in full bloom the pollen is 
washed from those anthers which have already opened, and is thus 
prevented from reaching the stigma. Should the rain be a short 
one, no serious harm need result from this loss of pollen, for the 
unopened anthers will burst and pollination will begin again soon 
after the sun comes out. The washing away of pollen has very lit- 
tle influence in decreasing the setting of fruit, particularly when the 
rain is short. There will generally be enough pollen to supply the 
pistils before or after the rain. 

The poor setting of fruit which often follows a long rain and 
sometimes a shower is due more to a loss of vitality in the pollen or 
to some mechanical injury to the pistils; also,in large measure, to 
the fact that bees and other insects which promote the beneficial 
cross-pollination between varieties are absent. If the rain lasts for 
several days, the pollen may lose its vitality. After a week of rainy 
weather at Ithaca in the spring of 1898, 
nearly all the pollen of the apricots then 
in bloom was disorganized and stuck 
together, so that it could not possibly 
grow and fertilize the pistils. Some of 
this pollen is shown in Fig. 78. It is 


also natural to suppose that a hard rain 


78.— Pollen injured by rain. may wash off, dilute, or otherwise injure 
Much magnified. Compare 


the juices of the stigma so that the pol- 
Fig. 80. 


len cannot germinate after it fallls 
upon the stigma. Perhaps a long “spell” of wet weather may 
even kill the pistils after they have been fertilized. 

Thus a rain during the.blooming season may decrease the setting 
of fruit in four ways: (1) By preventing the pollen from reaching 
the stigma, both because it is too wet to fly and because pollen- 
earrying insects are absent. This is important only when the rain 
lasts several days and most of the pistils pass their receptive state 
before the rain ceases. (2) By destroying the vitality of the pollen. 
(3) By injuring the stigma. (4) By preventing fertilization or the 
germination of the pollen because of low temperature, 
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Tur Biossoms May Be Insurep By Strone or Drying Winps. 


Near the sea and large lakes, fruit blossoms may be whipped off 
by very severe winds. In such cases a mixed windbreak of decidu- 
ous and evergreen trees may be used to advantage. Drying winds 
during the blossoming season are not common in the east but are 
often serious in some parts of the west. Luther Burbank, one of 
our best observers and experimenters in orchard pollination, says a 
dry wind sometimes causes a short fruit crop in some parts of Cali- 
fornia by drying up the juices of the stigma so that the pollen can- 
not germinate. 

Il. SELF-STERILITY. 
There have been described in the preceding pages some of the 


influences which decrease the setting of fruit. These were men- 
tioned only to make more clear a talk 


about self-sterility, an influence which 
is second only to the winter injury of 
fruit buds in the loss caused to the 
commercial fruit-grower. Since the 
loss from unfavorable weather usually 
cannot be prevented, while the loss 
from self-sterility can in a large meas- 


79.— Coe Golden Drop. But one fruit has set ; the others will soon drop. 


ure, the latter subject deserves more than the brief notice which has 
been given to the former at this time. 
There are some trees which blossom full year after year but set 
little or no fruit, even in the most favorable seasons. These trees 
24 
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are usually in solid blocks, or at a distance from any other variety. 
Planting near them other trees of the same variety does not make 
them fruitful; but if trees of other varieties are planted near they 
are often made fruitful. A self-sterile variety is one which is 
unable to set fruit when alone ; in order to be productive, it must 
be planted near some other variety. 'Two varieties very commonly 
self-sterile are Miner and Wild Goose plums. Large blocks of the 
Kieffer pear and some of the great prune orchards on our Pacitie 
coast have been unprofitable from this cause. Besides these strik- 
ing examples, there is reason for believing that much of the unsat- 
isfactory fruiting of orchards all over the country is due to the iso- 
lation or indiscriminate mixing of varieties. 


Tue Main Cause or SEtF-STERILITY. 


In general, the cause of self-sterility is that the pollen of a 
variety is unable to fertilize the pistils of that same variety. 
That is, if pollen from a Wild Goose blossom falls on a Wild Goose 
pistil, whether on the same tree or any other Wild Goose tree, no 
fruit will result asa rule. The pollen of a self-sterile variety may 
be and generally is produced in abundance and is well formed. 
Wild Goose generally bears pollen freely, although it is one of the 
most self-sterile varieties in cultivation. The Bartlett pear is often 
self-sterile, yet its pollen is perfect. (Fig. 80.) The pollen of a 
self-sterile variety also has vitality, for it will fer- 
tilize the pistils of other varieties. For example, 
plant together trees of the two self-sterile varieties, 
Miner and Wild Goose, and both will often be 
made fruitful, because the pollen of each, though 
infertile on itself, is fertile on the other. It is not 
known in what way this infertility is usually 
shown, but with Wild Goose at least, the pollen 
grain actually germinates and the pollen tube passes down to the 
ovule. Why the two sexes are unable to unite after having got 
thus far, the embryologist has not yet told us. 


80.— Pollen of 
Bartlett. Much 
magnified, 


Minor Cases oF SEutF-STERILITY. 


Aside from the impotency of: pollen, the main cause of self- 
sterility, there may be several other incidental causes, Goff and 
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Waugh have shown that self-sterile varieties of native plums often 
have a large per cent of pistils which are too weak to develop into 
fruit. This could not be a general cause of self-sterility, however, 
for self-sterile varieties can usually be made fruitful by planting 
other varieties near them. This shows that there are enough sound 
pistils on the tree for a good crop of fruit, provided they receive 
the right kind of pollen. 

Again the blossoms of some varieties may produce but a small 
amount of pollen. When these varieties are planted alone they may 
not have enough pollen to set a good crop, even though the pollen 
is fertile on its associated pistils. The amount of pollen which 
flowers produce is greatly modified by weather conditions and the 
vigor of the tree. ; 

Many plums are worked on Marianna and Miner stocks, two of 
the most self-sterile varieties in common cultivation. It has been 
thought that possibly there might be an influence of the stock on the 
scion in the direction of self-sterility, but this assumption seems to 
be without foundation. 

Finally, the stamens and pistils of a tree may not mature simul- 
taneously, which would make a tree unfruitful unless pollen is sup- 
plied from other sources. With many varieties of orchard fruits 
the pistil of each flower matures a little before the stamens ; and 
not infrequently the stamens mature before the pistil is ready to 
receive the pollen. But there is usually enough variation in the 
opening of flowers on the same tree to promote pollination with 
each other and so prevent serious loss from this alternate ripening 
of the sexes. Defective pistils, scanty pollen supply and the prema- 
ture ripening of either pistils and stamens may often be important 
in determining the fruitfulness of a tree; but the main cause of 
unfruitfulness in most self-sterile varieties is the failure of the pollen 
to fertilize its associated pistils. This cause cannot be removed, but 
its injurious results may often be prevented by a judicious selection 
of varieties. 

A PracticaL APPLICATION. 


The practical bearing of the self-sterility problem is this: There 
are certain varieties of fruit which we wish to grow largely for the 
general market, but we find that they are not productive when 
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planted alone. They need the pollen of other varieties to make 
them fruitful. Then we must do what some of our most intelligent 
fruit-growers has been doing for years— plant other varieties near 
them as pollinizers. Orchardists along the Atlantic coast have been 
obliged to do this with Kieffer. The Californians often find it nec- 
essary with their prunes; and many an unproductive orchard of 
Wild Goose has been made fruitful by being partially top-worked 
with another variety. Cross-pollination of varieties is no longer a 
theory ; it is an established orchard practice. 


Tue History or tHE Sevr-Sreritiry Discussion. 

There are at least sixty species of plants which are known to be 
often sterile with their own pollen. The study of this problem had 
its origin mainly in the investigations of Darwin. While Darwin 
was not the first to observe the value of cross-pollination, he so far 
exceeded his predecessors in this, as in most other work, that the 
beginning of a systematic study of self-sterility is usually dated from 
the publication of his “ Origin of Species” in 1859. Self-sterility 
in orchard fruits was first studied by Waite, under the direction 
of the United States Department of Agriculture. Since the pub- 
lication of his work, in 1894 (Bul. 5, Div. Veg. Pathology), many 
experimenters have continued the lines of study indicated by him. 

The unfruitfulness arising from self-sterility had been noticed 
many years before by fruit-growers. The benefit which some vari- 
eties gained by being planted near other varieties also had been 
noticed, and mixed planting was often practiced with success, par- 
ticularly with Wild Goose and Miner. There are now one hun- 
dred and twenty-six entries in my bibliography of references to 
“barren” trees in American literature before the appearance of 
Waite’s Bulletin in 1894. The real cause of this barrenness, how- 
ever, was not known definitely before the experiments of Waite ; 
although it had long been supposed by many to be the pollen. Of 
late years many experimenters have done careful work along this 
line. Among these are Goff, Waugh, Craig, Kerr, Crandall and 
Heideman, on orchard fruits; Beach, Earle, T. V. Munson. Whit- 
ten and Green on grapes. The California and Oregon State Boards 
of Horticulture are also making a special inquiry on the self-sterility 
of prunes. 
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Varieties Wuich ARE OFTEN SELF-STERILE. 


Self-sterility is not a constant character with any variety, It is 
influenced by the conditions under which the tree is grown, as are 
the size, shape and color of the fruit. The adaptation of a variety 
to soil and climate has much to do with its self-fertility, and if a 
tree is poorly nourished it is more likely to be infertile with its own 
pollen. No one can separate varieties of fruit into two definite classes, 
the self-sterile and the self-fertile. Thus Bartlett and Kieffer are 
often self-sterile, but there are orchards of both which are self-fertile. 
The same may be said of many other varieties. The best that can 
be done, therefore, is to give a list of those varieties which tend to 
be more or less self-sterile and which it would be unsafe to plant 
alone. 

Following is a conservative list of these risky varieties, drawn 
both from experimental work and from the reports of over five 
hundred fruit growers who have favored me with their experience. 
Pears: Angouleme (Duchess), Bartlett, Clapp, Idaho, Kieffer, 
Nelis. Apples: Bellflower, Primate, Spitzenburg, Willow Twig, 
Winesap. Plums: Coe Golden Drop, French Prune, Italian 
Prune, Kelsey, Marianna, Miner, Ogon, Peach, Satsuma, Wild 
Goose, and, according to Waugh and Kerr, all other varieties of 
native plums except Robinson. Peach: Susquehanna. Apricot: 
White Nicholas. Cherries: Napoleon, Belle de Choisy, Reine 
Hortense. Most of these varieties are self-fertile in some places, 
but the weight of evidence shows them to be uncertain. 

It must not be inferred that all other varieties are always able to 
set fruit when planted alone. There are some, however, which 
have exceptionally good records for fruitfulness when planted in 
solid blocks, other conditions being favorable. Among these are: 
Apples: Baldwin, Ben Davis, Fallawater, Janet, Oldenburg, 
Rhode Island Greening, Red Astrachan, Smith Cider. Plums: 
Burbank, Bradshaw, DeSoto, Green Gage, Lombard, Robinson and 
some of the common blue Damsons. 

All this goes to show that the problem of self-sterility is as much 
a study of conditions as of varieties. We can set no limits; we can 
only indicate tendencies. 
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The great and growing Kieffer pear industry in the eastern 
United States warrants a fuller discussion of this variety. Many 
large blocks of Kieffer are being planted with no other varieties 
intermingled, and it is an important point to know whether this 
practice will give the best results. Eight blocks of Kieffer in New 
Jersey and Delaware have been reported as completely or partially 
unfruitful because of self-sterility, and there are also many solid 
blocks of Kieffers in the same states which bear well. Kieffer is 
unreliable, especially on the Delaware peninsula. A large block of 
Kieffer may be productive, but it does not pay to take the risk, par- 
ticularly since the pollen of other varieties is likely to give better 
fruit, as will be seen later on. 


SELECTING THE POLLINIZER. 


Let us suppose that we intend to plant a large block of an uncer- 
tain variety, as Kieffer, because it has distinct merit as a market 
sort. We wish to plant it with some other variety to make it fruit- 
ful. There are two points to be considered when selecting a polli- 
nizer for Kieffer or for any other self-sterile variety; the choice 
should not be indiscriminate. These are simultaneous blooming and 
mutual affinity. 

The first and most important point is that the two shall blossom 
together, since the only way in which a pollinizer can make a self- 
sterile variety fruitful is by supplying it with pollen. This means 
that the pistils of the self-sterile variety must be receptive when the 
stamens of the pollinizer are ripe, which is possible only with simul- 
taneous blooming. 

The comparative blooming of varieties is more or less a local 
problem. Differences of latitude, altitude, soil, nearness to large 
bodies of water, and weather conditions during the blooming season 
not only hasten or retard the time of blooming but also disturb the 
order in which the different varieties open. Varieties blossoming 
together at one place may not at another. The best that can be 
done in the way of generalizing on the question of simultaneous 
blooming for cross-pollination is to make a chart for each well 
marked geographical district. To this end several hundred fruit- 
growers have kindly taken notes the past two seasons, and when 
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sufficient data is collected these charts may be published. They 
will indicate in a general way which of our standard commercial 
varieties may be expected to bloom together ; yet each fruit-grower 
should be prepared to make minor corrections for his own farm. 
Wntil more definite knowledge is available, each orchardist should 
learn how varieties bloom in his own neighborhood before planting 
them for cross-pollination. It is better, but not always necessary, 
that the two should bloom exactly together ; if they overlap two or 
three days that is often enough. 

It is sometimes desirable to plant varieties of different botanical 
species together for cross-pollination, but this wiil often be imprac- 
ticable because of the difference in their blooming seasons. Thus 
the Oriental pears, as Kieffer, and the European pears, as Bartlett, 
usually do not blossom together. Kieffer generally blooms several 
days before Bartlett, hence it is necessary to pollinate it with a 
variety of its own class, as LeConte or Garber. In some places, 
however, the two groups blossom approximately together, and then 
varieties like Bartlett and Seckel should be used in preference to 
LeConte or Garber, since their fruit has a greater market value and 
the trees are less likely to blight. Whenever the European pears 
are used as pollinizers for Kieffer it would be well, if otherwise 
practicable, to work them on quince roots. Standard Kieffers will 
often bloom two or three years before standard Bartletts planted at 
the same time, and unless early blooming dwarfs are intermingled 
they may be unproductive these first few years. 

The three classes of commercial plums— Japanese, domestica 
and native — will usually bloom at different periods in the order 
named; but when a “spell” of warm weather succeeds a cold and 
backward spring, varieties of all these groups will come on nearly 
together and cross-pollination will result. In some places the bloom- 
ing seasons of these groups overlap so that some varieties of each 
might be used regularly for cross-pollination. 


Tue Mourvat Arrinity oF VARIETIES. 
Another point to be looked after when selecting a pollinizer for 
Kieffer, or for any other self-sterile variety, is the mutual affinity of 
the two. That is, will the pollen of the pollinizer fertilize the pis- 
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tils of the self-sterile variety readily and also develop them into high 
grade fruit? At present but little is known about this matter. 
Taking first the possibility of cross-pollination between varieties of 
different. species, there seems to be no doubt but that many varieties 
of native, Japanese and domestic plums will fertilize each other. 
Orchard experience in many places indicate this ; as when Satsuma 
is used to pollinate Coe Golden Drop in California prune orchards. 
Several successful crosses between the three were also made at 
Ithaca the past season. Among these are Abundance x Grand 
Duke (Fig. 84), Georgeson Wayland, Berekmans x Coe Golden 
Drop, Coe Golden Drop x Satsuma. That is, if we wish to use 
Satsuma as a pollinizer for Coe Golden Drop, or Lombard for Wild 
Goose, the probability is that the combination would work, if the 
two varieties bloom together; but since the three groups usually 
bloom at somewhat different periods there can be no general cross- 
pollination outside the limits of the species. 

Numeroas crosses and common orchard practice have also shown 
that the European pears, as Bartlett, and the Sand pear hybrids, as 
Kieffer, will fertilize each other regularly when they bloom together. 
Several Kieffer fruits from Bartlett pollen and Bartlett fruits from 
Kieffer pollen were secured in the crossing work of 1899. In fact, 
my experience has been that if Kieffer pollen is put on the pistils 
of our common pears, of the European class, it will usually produce 
larger fruit than pollen from most varieties of that type. Kieffer 
is a good pollinizer for Bartlett, Angouleme, Clapp, Nelis and like 
varieties, when they bloom together. In Fig. 81, compare the size 
of the Seckels which received Kieffer pollen with those which had 
Lawrence pollen. The specimens shown are typical of thirty fruits 
secured from these two crosses in 1899. 

It is necessary to study not only the mutual affinity of varieties 
belonging to different species, but also of varieties of the same 
species. Some varieties will not fertilize each other, though blos- 
soming at the same time. Kerr has found that Whitaker plum will 
not fertilize Wild Goose nor will Early Red help Caddo Chief. 
Again, the pollen of some varieties will give better fruit than that 
of others when used on the pistils of self-sterile or even on self- 
fertile varieties. There is very little definite knowledge as to what 
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varieties are best adapted for pollinating self-sterile sorts. Waugh 
and Kerr have studied this point with native plums for several years 
and their judgment is united in a table of recommended pollinizers 
for plums (12th Report Vt. Ag. Ex. Sta.). A few results from 
crosses made at Ithaca in 1899 will illustrate this point. Fig. 81 
shows the comparative size of Seckel when pollinated with Kieffer 
and with Lawrence pollen. Clapp pollinated with Kieffer was also 
larger than Clapp pollinated with Lawrence or Louise Bonne. 
Howell blossoms which received the pollen of Clapp gave fruits of 


81.— Seckel. From Kieffer pollen above, from Lawrence pollen below. 


nearly twice the size of those which received Bartlett pollen. Bart- 
letts crossed with Angouleme were larger than Bartletts crossed 
with Sheldon. In some cases no difference could be noticed, yet 
most of our standard commercial varieties will be likely to yield 
enough better fruit when planted with some varieties than with 
others, to make a study of this point worth the while. 

Some of the combinations which have been very successful in the 
commercial orchards of the country are: Bartlett with Nelis, 
Flemish Beauty, Easter, White Doyenne; Idaho with Bartlett ; 
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Kieffer with LeConte, Garber; Coe Golden Drop with French 
Prune, Green Gage, Italian Prune (Fellenburg); Satsuma with 
Abundance, Burbank, Red June; Miner with DeSoto, Forest Rose, 
Wild Goose ; Wild Goose with DeSoto, Newman, Miner. 


Dors Crossing CHANGE THE APPEARANCE OF THE FRuiIr? 


In connection with the mutual affinity of varieties which are 
selected for cross-pollination, there comes the question of the 
“immediate influence” of pollen. For instance, if Seckel pollen 
is put on Kieffer pistils, will it impart the Seckel flavor, color and 
characteristic shape to the resulting fruit? Of course the charac- 
ters of both may be united in the seeds, and the trees which come 
from these seeds may be expected to be intermediates; but is the 
flesh of the fruit ever changed by foreign pollen ? 

The increase in size which often follows crossing cannot be called 
a true immediate influence, for the foreign pollen generally stimu- 
lates the fruit to a better growth because it is more acceptable to 
the pistils, not because it carries over the size-character of the variety 
from which it came. In 1899, Hyslop Crab pistils which were 
fertilized with pollen from the great Tompkins County King, grew 
into fruits of the usual crab size. An immediate influence in size 
may be possible, for the size of the fruit is nearly as constant a 
varietal character as is the shape; but most of the increased size in 
crosses of orchard fruits probably arises from the fact that the pollen 
is more acceptable. 

Setting aside the usual gain in size resulting from crossing, we 
wish to know whether there will be any change in the shape, color, 
quality and seasoning of ripening of the fruit. A few undoubted 
instances of this influence have been noticed with some plants in 
which the seed is the principal part of the fruit, as the mixing of 
sweet corn and field corn; also perhaps in various peas and beans. 
When the seed is surrounded by a fleshy pulp, however, as in our 
common orchard fruits, it is still in dispute whether this pulp is 
influenced, however much the seeds themselves may be. Most men 
have formed their convictions about the immediate influence of 
pollen from observation, rather than from experimental proof. It 
does not necessarily follow that “sweet and sour” apples are due to 


POLLINATION IN ORCHARDS. 379 


cross-pollination, nor that the russet on Greening apples borne on 
the side of the tree next a Roxbury was produced by the influence 


of the Roxbury pollen. 
Most of the changes in fruit which are attributed to the influ- 


ence of cross-pollination are due to 
variation. Every bud on a tree is 
different in some way from every 
other bud on that tree and may 
develop unusual characters, inde- 


pendent of all the other buds, 


according to the conditions under 

which it grows. 

82.— Stark. From Wagener pollen The best way to determine 
above, from Stark polien below. 


Marked benefit from  cross-polli- ; ‘ 
ation. influence of pollen is by hand 


whether there is an immediate 


crossing. Among the forty-five 
different crosses which were made in 1899 with this particular point 
in view, not one showed any change which could be positively attrib- 
uted to the influence of pollen. Even the concentrated sweetness of 
Seckel made no impression on the poor quality of Kieffer; nor were 
there any constant differences in color, shape, or season of ripening 
in any of the other crosses. Nearly everybody who has crossed 
varieties of orchard fruits has had a similar experience. 
Most of the evidence supporting the theory that there is an imme- 
diate influence of pollen in the crosses of fruits comes from obser- 
vation ; most of the evidence against it comes from experiment. 
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The observer, however careful, is likely to jump at conclusions; 
the experimenter tries to give due weight to every influence which 
might bear on the problem. Since many observers and a few 
experimenters have found what seems to be an immediate influence 


83.— Longfield. From Greening pcllen below, from Longfield pollen above. Murked 
benefit from cross-pcllination. 


of pollen on the fruit, we cannot doubt but that this influence is 
sometimes exerted. But it is certainly much less frequent than is 
commonly supposed. 


Ture DistriputTion oF THE POLLINIZERS. 


Having selected a pollinizer with reference to simultaneous bloom- 
ing and mutual affinity, the fruit-grower now wishes to know how 
many trees will be necessary to pollinate the self-sterile variety. 
There are three things to be considered here; The ability of the 


PoLLINATION IN ORCITARDS. 381 


pollinizer to produce pollen, its market value, and the class of fruit 
to which the self-sterile variety belongs. 

Varieties differ in the amount of pollen which they produce, and 
the pollen production of the same variety is also greatly moditied 
by differences in locality and season. Other things being equal, the 
variety which produces pollen freely could be used more sparingly 
in a block of self-sterile trees than one of scanty pollen production, 


84.— Abundance. From Abundance pollen above, from Grand Duke pollen 
below. Some benefit from cross-poliination. 


Little comparative observation has been made on this point as yet; 
but, as a matter of fact, most of our common varieties produce an 
abundance of pollen. 

The number of trees of the pollinizer would also depend largely 
on whether it has value in itself. If we are planting LeConte to 
pollinate Kieffer, we would naturally try to get along with the 
least possible number which will do the work; but if Bartletts 
are to be used for the same purpose, we can afford to increase the 
proportion. Some growers plant every tenth row to the polli- 
nizer, but the proportion should usually be greater. This night be 


882 Buiter 181. 


enough if the weather during the blossoming season is very favor- 
able for cross-pollination by wind and insects; but if it is showery, 
the pollinizers should be more abundant, in order that cross-pollina- 
tion may be more general during the bright weather between show- 
ers. If using Garber or LeConte to pollinate Kieffer, every third 
row may be the pollinizer; if using Bartlett, every other row. For 


85.— Tulman Swect. From Talman Sweet pollen above, from 
Wagener pollen below. No benefit from cross-pollination. 


apples, cherries and domestie or Japanese plums, the same propor 
tion may be used. In a commercial orchard, the pollinizer should 
be planted in a solid row. Theoretically, it is much better to have 
the pollinizer more evenly distributed among the self-sterile trees ; 
practically, it will not pay to so mix them except in small orchards, 
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Tur ADVANTAGES OF GENERAL Mixep PLANTING. 


It would appear that the only thing to do now is to find out what 
varieties are inclined to be self-sterile and the varieties which are 
-best adapted for fertilizing them. But as a matter of fact, cross- 
pollination gives better results with nearly all varieties, be they self- 
sterile or self-fertile. A variety may be able to bear good fruit 
when it is planted alone, but it will often bear better fruit if suitable 
varieties are near it. Mixed orchards are more productive than solid 


86.— Bradshaw Plum. From German Prune poclen 
above, from Bradshaw pollen below. No benefit 
from cross-pollination. 


blocks, taking the country over. It is a common observation in 
Western New York that Baldwins in mixed orchards are more 
uniformly productive than Baldwins in large blocks. Furthermore, 
although a variety may be able to set an abundance of fruit with its 
own pollen, this fruit will often be smaller than if other pollen were 
supplied. From a number of experiments made in 1899, a few rep- 
resentative results are here given to illustrate this point. 

Compare the size of self-pollinated and cross-pollinated fruits in 
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Figs. 82-86. In some varieties the difference was very marked, as 
with Stark and Longfield apples (Fig. 82-83); in others the differ- 
ence was not so marked, as Abundance (Fig. 84); while a few showed 
no appreciable increase in size from cross-pollination, as Talman 
Sweet and Bradshaw (Fig. 85-86). The difference between the 
eross and self-pollinated Starks and Longfields is so striking that one 
would almost be tempted to think the self-pollinated fruits were 
wormy, but they were not. The self-pollinated Talmans and Brad- 
shaws were apparently as fine in every way as the cross-pollinated 
fruits. Manning Elizabeth pear also was not benefited by pollen 
from other varieties. 

The three self-pollinated Longtields here shown (Fig. 83) had but 
five sound seeds; while the two crossed specimens had seventeen 
sound seeds. In general, cross-pollinated fruits have more good 
seeds than self pollinated fruits, but there is no constant relation 
between the size of a fruit and the number of seeds it contains. 
Some of the biggest apples or pears may have only two or three 
good seeds. In case the ovules in one cell of an apple or pear core 
are not fertilized, that part of the fruit adjoining is often stunted 
and the fruit becomes lop-sided in consequence ; but this, likewise, 
does not always follow. 

All of the above varieties are self-fertile, at least in Ithaca. They 
will produce fruit with their own pollen. But we have seen that 
some of them will produce better fruit if other pollen is supplied. 
Is it not worth while, then, to plant pollinizers even with self-fertile 
varieties — that is; to practice mixed planting with all varieties ? 
There are three good reasons for doing this: First, some believe 
that self-sterility is likely to increase in the future, under the stimu- 
lus of high cultivation. Second, we can never be perfectly sure 
that any variety will be self-fertile on our soil and under our cul- 
ture; even those varieties which are self-fertile elsewhere may be 
partially self-sterile with us. Third, most self-fertile as well as self- 
sterile varieties are benefited by cross-pollination. It is taking risks 
to plant a very large block of one variety. The trees may bear just 
as much and just as fine fruit as though other varieties were with 
them, but the chances are against it. 
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The pollen of one variety is carried to the pistils of another in — 
two ways: by the wind and by insects. There are many kinds of 
insects which aid more or less in the cross-pollination of orchard 
fruits, principally bees, wasps and flies. Of these, the wild bees of 
several species are probably the most important. In a wild thicket 
of plums or other fruits, they are usually numerous enough to insure 
a good setting of fruit. But few if any wild bees can live in a large 
orchard, especially if it is well tilled. As the extent and thorough- 
ness of cultivation increases, the number of these natural insect aids 
to cross-pollination decreases; hence it may become necessary to 
keep domestic honey bees for this purpose. 


SUMMARY. 


1. Searcely one fruit blossom in ten sets fruit, even in the most 
favorable seasons and with the most productive varieties. 

2. Trees making a very vigorous growth may drop their blossoms. 

3. Brown rot, apple or pear scab, and pear blight may kill the 
blossoms. . 

4. Frost injury to blossoms is of all degrees. Even flowers which 
appear to be uninjured may be so weakened that they cannot set 
fruit. 

5. Rain during the blooming season prevents the setting of fruit 
chietly by destroying the vitality of the pollen, injuring the stigma, 
or by preventing fertilization because of the low temperature. The 
washing of pollen from the anthers seldom causes serious loss. 

6. Much of the unsatisfactory fruiting of orchards all over the 
country is due to self-sterility. A tree is self-sterile if it cannot set 
fruit unless planted near other varieties. 

7. The main cause of self-sterility is the inability of the pollen of 
a variety to fertilize the pistils of that variety. 

8. Poor stamens and pistils or the premature ripening of either 
are but minor causes of self-sterility. 

9. An indication of self-sterility is the continued dropping of 
young fruit from isolated trees or solid blocks of one variety. 

10. Self-sterility is not a constant character with any variety. 

25 
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The same variety may be self-sterile in one place and nearly self- 
fertile in another. 

‘11. Poorly nourished trees are more likely to be sterile with their 
own pollen than well fed trees are. 

12. The loss of fruit from self-sterility usnally may be prevented 
by planting other varieties among the self-sterile trees. 

13. The European and Oriental pears can fertilize each other, 
and many varieties of the domestica, Japanese and native plums 
are likewise inter-fertile, provided they bloom together. 

14. The pollen of some varieties will give larger fruit than that 
of others when it falls on or is applied to the pistils of either self- 
sterile or self-fertile varieties. : 

15. Among our common orchard fruits cross-pollination seldom 
has an immediate influence on the fruit itself. 

16. Cross-pollination probably gives better results than self-polli- 
nation with nearly all varieties. 

17. It is advisable and practicable to plant all varieties of 
orchard fruits, be they self-sterile or self-fertile, with reference to 
cross-pollination. 

18. Insects are probably more important than wind for carrying — 
pollen from tree to tree. 

19. Final suggestions.—a. When setting out new orchards do 
not plant a solid block of each variety, but mix them intelligently. 

b. If established orchards are unfruitful because of self-sterility 
it may be profitable to put a few grafts of another variety in each 
tree. 

c. Keep fruit trees well nourished but do not stimulate them to 
an over-vigorous growth. | 


S. W. FLETCHER. 
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Sir.— The following report contains the results obtained from 
the codperative experiments with sugar beets throughout the state, 
and also the results obtained upon the experimental grounds at Cor- 
nell University. The codperative experiments were in charge of 
Mr. J. L. Stone, and consisted of making tests of varieties and also 
of fertilizers. Owing to peculiarities of the season the fertilizer 
work is not here reported, but a full account is given of the test of 
varieties. This codperative work with the farmers throughout the 
state is valuable not only for the results obtained from the experi- 
ments, but also for the interest which it creates among the farmers 
in the work which is being done by the state throngh the College of 
Agriculture and by the Experiment Station to advance the cause of 
agriculture. 

The work upon the home grounds was in charge of Mr. L. A. 
Clinton. Experiments have been conducted with fertilizers upon 
sugar beets, and a summary of the work for three years is given. 
This report is of value owing to the care taken to make the plats 
uniform and to the length of time during which the experiment has 
been conducted. An account is also given of the field plat experi- 
ments with sugar beets during 1899. 

The data obtained add to our knowledge of the subject of sugar 
beet growing, and the report is submitted for publication under 
chapter 430 of the Laws of 1899. 

IOP. ROBERTS; 
Director. 
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SUGAR BEET INVESTIGATIONS FOR 1899. 


PART I. CO-OPERATIVE EXPERIMENTS. 
By J. L. Stone. 


The investigations relating to sugar beets conducted by this station 
during the season of 1899 have been chiefly along the lines of com- 
parison of varieties, and testing the effect of different fertilizers on 
the yield and quality of beets. No effort was made to locate experi- 
ments outside the territory that is producing beets for the two fac- 
tories now in operation in the state. However, requests were 
received from some thirty persons living in other sections asking for 
seeds and instruction for growing beets, both of which were for- 
warded, and the beets received from such persons have been tested 
for sugar and purity. 

Arrangements were made with thirty-eight farmers who were 
engaged in sugar beet culture, and, therefore, vitally interested in 
the work, to make a practical comparative test of tive varieties of 
sugar beets, the seed of which was furnished to the station by the 
U.S. Department of Agriculture, Washington, D.C. By having 
the five varieties grown side by side, and thus under as nearly uni- 
form conditions as to fertility and culture as possible in each of the 
experiments, it was believed that the average results obtained would 
be much more significant than a larger number of tests where the 
varieties were separated and perhaps subjected to different 
conditions. 

In previous work it has been the custom of the station to receive 
two beets as a sample for determining the percentage of sugar and 
purity of the juice. It is frequently observed when these beets are 
examined separately that they show considerable difference in con- 
tent of sugar and purity of juice, thus leading to the conclusion that 
the individuality of the beet may lead to an erroneous estimate of 
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the crop where so few as two beets are used asa sample. It was, 
therefore, decided that each sample should consist of six beets, 
which were forwarded by express, instead of through the mails 
as formerly, thus materially reducing the liability to error from 
the cause mentioned. 

The season for preparing the land and sowing was unusually 
favorable so that the seed was gotten in the soil in fine condition 
and at an early date. In fact the early date at which the seeding 
was completed had the effect of reducing the number of our experi- 
ments, as we had expected at least two weeks more time in which 
to go among the farmers to arrange the work. The weather condi- 
tions were favorable for germination, a good stand was obtained and 
early and economical tillage was generally facilitated so that up to 
the middle of August the crop was unusually promising. From 
this time on the effect of drought, which in some localities was the 
most destructive on record, was very manifest. In some instances 
the damage was so great that the experiment was abandoned as not 
likely to give trustworthy data. In fact it is believed that abnormal 
conditions of any kind, and especially drought, lessen the value of 
experimental data as they emphasize the unavoidable inequalities of 
soil as regards texture, natural water supply, ete. 

The variety tests.— The following table, No. 1, gives a statement, 
somewhat in detail, of the results obtained by each experimenter. 
The table gives the name and address of the grower, the character 
of the soil, the varieties of beets grown, the yield per acre in tons, 
the percentage of sugar in the beets and the purity of the juice. 

All analyses so recorded in this bulletin were made by Mr. G. W. 
Cavanaugh and Mr. A. L. Knisely, Assistant Chemists of the 
Experiment Station. 
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TABLE 1. 

: Ton Sugar Puri 
Name and Address of Grower. ae Variety of Beets. ar 4 eth mo 
; Acre. | Beets. Juice. 
Robert Wright, Little| Gravelly | Kleinwanzlebener ...| 11.90 15.96| 82.4 
York, Cortland Co., Wall mvOrinte a aes 11.55 | 14.35 77.4 
1 eee PEWTIN GEN, 2) ..05.'. =|. 10.75 | 15.01 | 81.9 
IMGT OOIG:: jetcioe se eicts Ae 13.30 | 12.92 | 75.6 
*Biendorf Elite Klein.| 10.75 | 13.30| 76.9 
F. E. Van Camp, Preble,} Gravelly | Kleinwanzlebener ...| 10.89 | 18.15} 84.9 
Cortland Co., N. Y. Wilmorin=s seen 9.15 | 17.48} 85.2 
POWIN GEN: 2). et ae: 10.02 | 18.72 | 87.5 
Misi Old ooo alae 9.80 | 17.53) 85.4 
Biendorf Elite Klein.) 9.80 | 17.29} 84.0 
Frank Daley, Preble, Cort-| Gravelly | Klienwanzlebener ...) 9.24 | 19.00 85.8 
land Co., N. Y. loam | Vilmorin.......... 13.20] 17.48} 82.5 
Zehrin'igen. 3... 6225: | 10.06 | 18.81} 83.3 
Manvold (225: i252): 12.20 | 17.77 | 83.1 
Biendorf Elite Klein.| 9.24|18.38| 86.4 
Clark Esty & Son, Tully| Gravelly | Kleinwanzlebener ...| 17.10 | 17.72| 86.7 
Valley, Onondaga Co., loamy|PVilmorin-. 2 oc): 14.25 | 14.54) 19.7 
N. Y: Jehrineen. : 52... 62: 17.25 | 15.96 | 82.7 
Mam mold once iee 21 17.00 | 15.15 | 82.6 
Biendorf Elite Klein.) 14.25 | 14.49) 77.4 
C. A. Knapp, Little York,| Gravelly | Kleinwanzlebener 7.46 | 12.26 | 72.9 
Cortland Co., N. Y. loam |? Vilmorin: 5: 2..232..: 7.86 | 11.50| 69.9 
FCRVIN GEN. <o.6 acs «2s 6.97 | 13.87 | 76.8 
Wir Oldee =. ace 8.13 | 12.16 | 71.5 
Biendorf Elite Klein.| 7.39 | 10.64] 66.7 
W. E. Bowen, Little York,| Gravelly | Kleinwanzlebener ...| 13.45 | 17.86 | 87.0 
Cortland Co., N. Y. loamy! Walmorin=s. 22 345.6.2 16.80 | 16.77 84.9 
FeWPIN Sen... wis. ose: 13.90 | 16.48 83.0 
Mangold............ 14.90 | 16841 82.7 
A. A. Knapp, Preble,| Sandy Kleinwanzlebener ...| 13.80 | 15.20) 76.5 
Cortland Co. N. Y. loam | Vilmorin............ 15.80 | 16.10 | 76.7 
ZEMIN Ss genet soso. 12.90 | 18.15} 80.2 
Momvold fo o.25)055<. 14.80 | 16.44 | 79.7 
Biendorf Elite Klein.| 14.80 | 14.49| 76.7 
G. H. Thomas, Chenango Sandy | Kleinwanzlebener...| 8.80 | 15.77 | 82.6 
Bridge, Broome Co., loam) oVilimorin. .....2.:).2. 8.16 | 14.87 83.2 
IN. ¥3 YL) NEIMAN eooteocee 7.96 | 13.82 | 80.4 
Mancold. - 7 a cgenns 10.66 | 15.34; 80.8 
Biendorf Elite Klien.| 9.48|1863| 177.6 


* Biendorf Elite Kleinwanzlebener. 
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TABLE 1 —Conrtinvep. 


Name and Address of Grower. ee 
Wm. Weale, Owego, Ti-) Sandy 
oga Co., N. Y. loam 


O. B. Wilmot, Chenango| Sandy 
Bridge, Broome Co., loam 
Rye 
John J. Smith, Candor,| Loam 
Tioga Co., N. Y. 
Edwin Lawrence, Bing- Loam 
hamton, Broome Co., 
INGE Wee 
C. J. Banta, Conklin,) Upland 
Broome Co., N. Y. loam 
Jessel Hall, Chenango} Loam 
Bridge, Broome Co., 
ING SY 
H. E. Parsons, Chenango} Alluvial 
Bridge, Broome Co., loam 
ING Xs 
P. Judson Peck, Sher-| Loam 
burne, Chenango Co., 
Sal Go = 


Sugar 
Variety of Beets. mie Lene : Bary: 
Acre ecta: Juice 

Kleinwanzlebener ...| 10.10 | 14.25 78.6 
Willmore? Wane see 10.40 | 9.838 72.9 
Hehringenis..eseee 8.85 | 14.63] 79.4 
Mancoldeearreccenee. 10.00 | 15.20] 82.8 
Biendorf Elite Klein.| 11.85 | 12.92 73.1 
Kleinwanzlebener ...) 13.50 | 14.25 82.0 
Valmorineeencee: 11.20 | 12.92 79.5 
Zenrinven.. <5 2.0256 12.90} 15.58} 84.1 
Manigoldhy- © cr- oe oe 15.05 | 14.39} 81.5 
Biendorf Elite Klein.} 12.60 | 13.82 85.2 
Kleinwanzlebener ...| 11.( 0 | 14.39 80.6 
Wilmvorinetei see 10.75 | 12.87 77.0 
Zehringens. ot... 11.85 | 15.20] 80.4 
Mimic old Se sectcse 10.70 | 14.44] 80.9 
Biendorf Elite Klein.| 11.25] 13.30] 78.2 
Kleinwanzlebener ...| 15.00 | 14.96 82.9 
Walmorinssemsese ee 12.50 | 14.06} 80.0 
Zehvrinigenss... 2 shee. 12.50 | 15.01 82.7 
Man coldicnssae0 ee. 15.00 | 14.54 82.3 
Biendorf Elite Klein | 16.25 ! 13.73 78.9 
Kleinwanzlebener ...| 7.00 | 17.01 84.4 
WVillimonine sees ere 8.00 | 18.05 | 86.8 
ele in Ken ey i aes 6.66 | 18.86 | 87.4 
Manic Oldie ice 7.50 | 16.63 | 88.4 
Biendorf Elite Klien.| 6.00 | 17.48 | 87.2 
Kleinwanzlebener ...| 12.5) | 14.77 82.3 
Wallimorineere ioe 9.50 | 18.02] 77.4 
ACHE IN PEW ee jeiesior re 10.50 | 13.63 | 79.7 
Manrold's ia. cicsoe: 10.50 | 13.30 | 77.8 
Biendorf Elite Klein.} 9.00 | 18.59! 77.3 
Kleinwanzlebener ...| 16.39 | 13.16| 78.2 
Valli oninvecc oe 12.03 | 14.49} 81.6 
Fewrin gens... ccsea 13.88 | 15.68 | 82.9 
Maldip old); .)-. is Sea 14.34 | 13.30) 77.3 
Biendorf Elite Klein.| 14.34 BN I stares a 
Klein wanzlebener ...| 12.05 | 16.82 | 838.5 
Willmoninwels: . genta. 1.84] 15.20} 78.4 
Zenrin gen... ./2 065-2 13.06 | 16.26} 82.9 
WENO Cl syasavadsce 14.10] 15.91} 83.3 
Biendorf Elite Klein.! 14.10] 16.10! 80.7 
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Tons | S¥U8@€ | purit 

Name and Address of Grower. ie wee Variety of Beets. Bers ile hae of cf 
: Acre. | Beets, Juice. 
L. J. English, Bingham-) Black Kleinwanzlebener ...| 17.04 | 13.40) 82.4 
ton, Broome Co., N. Y. loam | sVolmorinss.-2.. 22-2. 13.92} 14.11] 83.4 
ZeHvMPGens:. .4 56.5% - | 16.00 | 15.06 | 82.6 
NEST Ole sraot citovg Sos 17.25 | 18.87] 82.0 
Biendorf Elite Klein.| 17.92 | 14.44] 82.2 
W. C. Smith, pepe, Ti-| Gravelly | Kleinwanzlebener...| 7.50 | 13.82} 80.8 
oga Co., N. loam }* Vilmorine.'. oo. 2... 8.32 | 12.21 | 77.4 
Zehrin gens, Ai, = «ee - 7.50 | 138.02 | 78.7 
Manvolae. ce ciscee 2: 8.75 | 13.82) 81.3 
Biendorf Elite Klein.| 8.12 | 12.25| 82.0 
A. C. Bethka, East Syra-| Loam | Kleinwanzlebener ...| 16.34 85.6 
cuse, N. Y. WialmrOrinis sacks aes 15.72} 84.9 
ACRTINSEN Se set..2 oh 16.25 | 85.9 
Mancold |. 2st om cate 15.72 | 84.0 
Biendorf Elite Klein. 13.40} 79.2 
Geo. Lamb, East Hamil-| Mucky | Kleinwanzlebener ... 14.58 | 79.5 
ton, IN; Y: loam | Vilmorin.......... A? 16.86 | 82.7 
Zehringen........... . | 15.63 | 82.7 
jE =Ca) [0 ge ls Reese 116.72! 84.2 
Biendorf Elite Klein. 15.96 | 81.5 
T. S. Mulaney, Poolville,} Loam Kleinwanzlebener...| 7.19} 12.83} 75.8 
Ney: Wal Oriis:. a. Vso. v=: 4.91] 14.06} 75.9 
ZAebrin genesis... ese: | 7.58] 15.389] 79.0 
Niart Olds eles Stan eel 8.92 | 16.20} 82.8 
Biendorf Elite Klein.) 5.80 | 12.35) 76.0 
T. J. Collier, Preble, Cort-| ....... Kleinwanzlebener ... 14.73] 76.4 
land Co., N. Y. Wilmorinty. of seek ee 15.34} 80.0 
ACUTINEEN 2.52 cle sini 16. ue 79.0 
Mimo lua eter ictoe 14.2 77.0 
Biendorf Elite Klein. 11.40 69.5 
S. W. Paddleford, Sher-| Loam | Kleinwanzlebener . 14.48} 82.4 
burne, Chenango Co., WHROTET 5.7 oes «ss 14.35} 81.2 
. Zehringen........... 13.63) 81.1 
Man poldyics ta. tetris oe 14.35| 84.4 
Biendorf Elite Klein. 14.96 | 83.8- 

Seed from Bingham. 
ton Sugar Beet Co. 12.97 | 78.4 
J. C. Fish, Corbettsville,, Loam | Kleinwanzlebener... 12.49] 76.9 
Broome Co., N. Y. -VilMLOTIN eke oes 14.389} 79.3 
AenwninPenyse os oes 58 14.92]; 80.1 
Mangoldtess «0.2. .%<: 14.01] 80.6 
Biendorf Elite rane 14.44] 82.6 
Lanes’ Imp. Sugar... 10.31 | 74.8 
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From an inspection of table No. 1 it may be seen that in the indi- , 
vidual experiments important differences as to yield, content of sugar 
and purity of juice occur. These differences are sometimes sufficient 
to materially affect the profitableness of the crop, but the different 
varieties do not fall into any regular order as to yield or quality of 
crop. [Each variety takes first place in some experiments and last 
in others. 


Kleinwanzlebener produces largest yield in three cases and smallest in four. 


Vilmorin sf ye a four) ut eight. 
Zehringen is s % two “ = seven. 
Mangold se o % six re i one. 
Biendorf Elite Klein. ‘“ ss “ four. .-<‘ xe five, 


A study of the kinds of soils upon which these experiments were 
conducted does not seem to indicate that any one of these varieties 
is preéminently adapted to a particular soil. 

As regards the quality of the beets it is also true that each variety 
takes first place in some experiments and last in others, but here 
there is a marked tendency for Kleinwanzlebener and Zehringen to 
appear at the head of the list, Vilmorin and Biendorf Elite Klein- 
wanzlebener to appear at the foot. 


Kleinwanzlebener shows largest % of sugar in ten cases, smallest in four. 


Vilmorin se of “< a one ‘“ 3 seven. 
_ “ec “eé of oe ce ee 

Zehringen ten one. 

Mangold s * + i three ‘‘ us three. 

Biendorf Elite Klein. ‘‘ se <s Gs one) oe nine. 


In some instances the highest content of sugar is associated with 
the largest yield, but the tendency is to reverse this and associate 
high quality with low yield and vice versa. 

In table No. 2 are given the averages of the several varieties as 
sét forth in table No. 1. The yields per acre are the averages for 
nineteen plats each growing the five varieties mentioned, except that 
Biendorf Elite Kleinwanzlebener was omitted from one plat. The 
columns showing the percentage of sugar and the purity of the juice 
are the averages for twenty-four plats each growing the five varieties 
except that the variety mentioned above was omitted from two of 
them. 
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TABLE No. 2. 


CoMPARISON oF AVERAGE Resvutts. 


Average! yields | Sugar | Suger / Sugar 

Varieties. weight n in juice | in beets, | Purity |produced 

i of heat, aes = Dae GenE. per cent, | f Juice. aes 
Kleinwanzlebener.......... NGA eG. los ioe] - 16: ee Obes 3538 
AVANT OG bey. yarac ase Sorc iomers ; 15.7 11.14 14.80 14.07 | 79.9 3235 
Weltinpeny: f, to. acne 15.4/ 11.10] 16.47| 15.65 | 81.8] 3474 
Mama: 38st) 23410508. 3303 15.7 12.20 | 15.80 | 15.01 | 81.3 3662 
Biendorf Elite Klein ....... | 15.0 | 11.30 |. 14.338 | 14.19 | 79.2 3207 


While the average yield and quality of the different varieties of 
beets as shown in the above table are quite uniform, still between 
the highest and lowest there is a difference of more than one ton 
per acre in yield and above one and one-half per cent in content of 
sugar. 

A gain or loss of one ton per acre as resulting from the variety 
of beets planted is of very material importance to the farmer, and a 
difference of one or one and a half per cent of sugar in the beets is 
of even greater significance to the manufacturer. 

It is estimated that a factory slicing during the season 25,000 tons 
of beets containing 15.5 per cent sugar will turn out 3,250 tons of 
pure granulated marketable sugar, while if it were to slice the same 
amount of beets 1.3 per cent poorer in sugar, it would turn out 
2,925 tons of marketable product—a difference of 325 tons of 
sugar which at $50 per ton would amount to $16,250. It will be 
seen that while in each case the expense incurred for beets, labor, 
fuel, etc., is the same, there is a difference in gross receipts for 
manufactured sugar amounting to a sum that will go a long ways 
towards a fair dividend on the investment. 

Unfortunately the variety showing the highest content of sugar 
(Zehringen) seems to be the lightest yielder. In our trials of 1898 
(see Bulletin 166, pp. 135 and 136) this variety took the same rank 
when compared with Kleinwanzlebener and Vilmorin as to yield 
and quality that it does this season. 

The variety of sugar beets known as Mangold was tested by this 
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station for the first time this season and with very favorable results. 
As to productivity it heads the list and the quality is good. So far 
as the experience of this season on nineteen different farms may be 
an indication, it would seem that this variety might well be placed 
along with the well tried and ever reliable Kleinwanzlebener. 

The fertilizer tests.— As stated in the beginning of this bulletin 
the plan of experimentation included a study of the effect of differ- 
ent fertilizing material upon the yield and quality of sugar beets. 
Arrangements were made with a number of farmers to receive sets 
of experimental fertilizers from the station and apply them accord- 
ing to instructions. The scheme embraced eight plats of one-twen- 
tieth acre each as follows: Plat No. 1, 15 lbs. muriate of potash; 
plat No. 2, 15 Ibs. nitrate of soda; plat No. 38, 30 lbs. superphos- 
phate; plat No. 4, no fertilizer; plat No. 5, 15 lbs. muriate of pot- 
ash and 15 lbs. nitrate soda; plat No. 6, 15 lbs. muriate of potash 
and 30 lbs. superphosphate; plat No. 7, 15 lbs. nitrate soda and 30 
Ibs. superphosphate ; plat No. 8, 15 Ibs. nitrate soda, 15 lbs. muriate 
of potash and 30 Ibs. superphosphate; and, at the option of the 
farmer, plat No. 9, stable manure. 

The conditions surrounding these experiments during the early 
part of the season were favorable and the prospect of securing valu- 
able data seemed good up to the time that the drought became 
severe. As the season advanced it became evident that the real 
struggle of the plant was for moisture rather than for plant-food. 
Since it is impossible to secure nearly an acre of land that is per- 
fectly uniform in texture and natural water supply it often occurs 
that the crop will vary more on account of these inequalities than 
from different fertilizers applied to the various parts. That com- 
mercial fertilizers may produce their full effect it is necessary that 
there be a liberal supply of moisture in the soil to take the plant- 
food thus furnished into solution. Hence it will be seen that the 
drought largely neutralized the effect of the fertilizer while it 
emphasized the inequalities of the soil. The data received from 
these experimenters are in some cases incomplete and owing to the 
effect of the drought it is considered unreliable and not valuable for 
publication. 
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PART II. SUGAR BEET EXPERIMENTS AT CORNELL 
UNIVERSITY EXPERIMENT GROUNDS, 1899. 


By L. A. CLINTON. 


The land upon which the experiments were conducted was a part 
of the series of permanent plats. These plats have been subjected to 
intensive culture without the application of any fertilizer since the 

-fall of 1893, when about ten tons of barn manure were applied per 
acre. Each fall after the removal of the crop from the land some 
cover crop as wheat or rye has been sown. But the lateness of the 
sowing prevented the cover crop from making much growth, and, 
as a consequence, but little organic matter has been returned to the 
soil. The result is that the humus has been depleted and the soil, 
instead of remaining loose and friable, becomes very hard and com- 
pact under the action of rains. The fact is emphasized that where 
intensive culture is practiced, for best results it must be accom- 
panied by a liberal application of barn manures or green manuring 
must be adopted, at least the organic matter of the soil must be 
maintained if the soil be kept in good physical condition. 

The land for beets was plowed May 2—all except plat 27, which 
was plowed immediately before the beets were planted. After 
plowing the land was harrowed and rolled. Between time of plow- 
ing and time of planting the land was harrowed frequently. 

Planting the beets — On May 15 and 16 plats 21, 22, 23, 24, 26 
and 27 were planted to variety Kleinwanzlebener, seed for which 
was furnished by the U.S. Dept. of Agriculture, Washington, D.C. 
Plat 27 was plowed deeply immediately before planting and har- 
rowed and rolled. The object in leaving plat 27 without plowing 
until time of planting was to determine the effect of deep plowing 
immediately before planting. Plat 25 was planted to varieties — 
Mangold, Biendorf Elite Kleinwanzlebener, Vilmorins Improved 
and Zehringen. These plats were all planted with the rows 20 
inches apart and the seed was covered to a depth of about one-half 
inch. 

Liffects of a hailstorm.— Within a few days after planting and 
before the beets had appeared above ground a severe hailstorm 
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occurred. The whole surface of the ground was covered with a 
layer of hail from one to two inches deep. The hail rapidly melted 
and the surface of the ground was made very wet. The effect upon 
the beets was most disastrous. The soil which had become depleted 
of its humus was compacted and the crust was so hard that the small 
beet plants were unable to force their way through. An attempt 
was made to break the crust by means of garden rakes, but the beet 
seed was covered so shallow that the plants were rooted near the 
surface and the soil directly over the young plants could not be dis- 
turbed without uprooting the plants and thus destroying them. It 
finally became apparent that a satisfactory stand of beets could not 
be secured upon all the plats and it was decided to plow and replant 
them so there would be secured a somewhat uniform stand of 
beets. 

The second planting.— All beet plats were plowed June 5, and 
harrowed once with the spring tooth harrow and once with the spike 
tooth harrow and the beet seed was planted in rows 20 inches apart. 
Plats 21, 22, 23 and 24 were planted to Biendorf’s Elite Kleinwan- 
zlebener sugar beet seed. On plats 25, 26 and 27 there were planted 
fourteen rows of Zehringen Elite beet seed from Germany, grown 
by Dippe Brothers; twelve rows were planted to Zehringen Elite 
sugar beet seed from Germany, grown by Strandes; eight rows were 
planted to Zehringen beet seed and seven rows were planted to 
variety Mangold. 

Object of experiment.— Upon plats 21, 22, 23 and 24 the object 
was to determine the effect upon the growth and yield of the beets 
of thinning at various times. With many farmers who grow beets 
for the factory it is often impossible to thin all the beets at the time 
of growth which has been recommended as most favorable. Owing 
to the large area to be thinned or to the pressure of other work the 
beets are often neglected for some time. Upon plats 25, 26 and 27 
the experiment was simply a variety test. 

Methods of tillage and thinning on plats 21, 22, 23 and 24.— 
The first tillage given the beets was on June 30, when a hand 
weeder was used on all plats. This weeder had the knife blade 
attachments which loosened the soil close to the plants and destroyed 
small weeds near the beets. 
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July 5th thinned to a stand the beets on the east one-half of plat 
21, and on the east one-half of plat 22, and on plats 23, 24, 25, 26 
and 27. The west one-half of plat 21 was permitted to remain with- 
out any thinning while the west one-half of plat 22 was bunched. 
On the west one-half of plat 21 the beets were allowed to remain 
thickly in the row until July 19 when they were thinned to a stand, 
there being left a space of about nine inches between beets in the 
row. On the west one-half of plat 22, the beets which had been 
bunched were permitted to remain in bunches until July 19, when 
they were thinned to a stand of one beet in a place. Tillage was 
given on all plats on July 7, July 19 and July 25. 

The thorough working of the land before the beets were planted 
tended to hasten their growth. The weed seeds which were present 
in the soil germinated before the second planting of the beets and were 
thus destroyed by the late plowing. The soil was thoroughly warm 
owing to an abundant rainfall during July, 3.46 inches, the seeds 
germinated quickly and the plants grew rapidly. 

The beets were not seriously injured by insects or disease. The 
growth of top was relatively small compared with the growth of 
* root. To a casual observer the field never presented the appear- 
ance of having more than half a crop of beets. 

Harvesting and yield.— The sugar beet harvest began November 
3. A Syracuse chilled sub-soil plow was used to loosen the beets 
in the ground, after which they were trimmed by hand. The yield 
of trimmed beets from the various plats, also the per cent of sugar 
and the per cent purity are shown in the following table. 
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Results from early and late thinning.— In Bulletin 166 of this 
station the following statement was made with reference to the time 
of thinning beets. ‘ Where conditions are favorable, considerable 
range may be taken as to time of thinning. With the weather cool 
and the soil moist, thinning may be safely done when the beets have 
attained a height of three to four inches. However, thinning is 
such a slow process that it would better be commenced on time, viz., 
when the second pair of leaves appear the plants should at least be 
bunched. The bunches may then safely be allowed to remain for a 
week or ten days before the beets are thinned to a stand of one beet 
in a place. If one could always be certain that the weather would 
be cool and soil moist, then there would not be the imperative 
necessity for beginning thinning early. If thinning be delayed 
until there exists drought accompanied by hot weather, the growth 
of the plants may be seriously impaired, if the plants are not entirely 

“destroyed.” 

The results of the experiment during 1899 lead us to change in 
no way the opinion expressed above, but rather enforce the conclu- 
sions heretofore drawn. 

The month of July, 1899, was especially favorable for late thin- 
ning of beets. It rained eleven days during the month, an average 
of .314 inch each day, and on four other days during the month 
there was a trace of rain, the total rainfall for the month being 3.46 
inches. The probability is that had the month of July been one of 
drought instead of one of abundance of rainfall the results might have 
been far different. Under the conditions which prevailed the late 
thinning seemed to be in no way injurious to the growth of the beets. 

The yield of beets was not large enough to make the crop a pay- 
ing one. This was not to be expected upon land which has been 
continually cropped for six years without the use of manures or fer- 
tilizers. The late planting occasioned by the failure to secure a 
stand from the first planting no doubt materially lessened the yield. 
The quality of the beets was all that could be desired. The per 
cent of sugar and the per cent of purity seemed to be affected in no 
way by the time of thinning. 

Variety tests.— The variety giving the largest tonnage of beets, 
13.1 tons per acre, was the Zehringen Elite from seed grown by 
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Dippe Bros.,Germany. The highest per cent of sugar in the beets, 
16.77, was found in the Zehringen Elite from seed grown by Strandes, 
Germany, and the highest per cent purity, 86.1, was also found in 
the Zehringen Elite from seed grown by Strandes. 

In selecting the sample beets to be tested those were selected 
which seemed to represent fairly the beets grown on the plat. The 
size of the beets analyzed seems not to have affected the results. 
The smallest beets, those grown on the east one-half of plat 22 were 
the lowest in purity. The variety tests in no way prove anything. 
The conditions of the soil may have had more effect upon the yield 
than did the variety grown. The Zehringen Elite strains seemed to 
be better adapted to the soil and conditions present during 1899 
than were the other varieties. Another season and on other soil the 
results might vary widely. 

Fertilizer experiments with sugar beets.— During the years 1897, 
1898 and 1899 fertilizer experiments with sugar beets have been 
conducted upon some specially prepared plats. Before commencing 
this experiment it was determined to make the soil conditions uni- 
form as to quality and treatment. In the spring of 1897 a space 
was measured off for 14 plats each 4x5 feet in size. The soil of this 
whole area was then removed to a depth of 24 inches, each layer of 
eight inches being thrown upon boards by itself. A solid brick 
cement wall was constructed around each plat and to a depth of two 
feet below the surface of the ground. This wall was constructed so 
that there would be no possible chance for the beets in one plat to 
receive the benefit of the fertilizer applied to any other plat. After 
the construction of the wall the soil which had been removed was 
replaced in the inverse order of its removal, the eight inches removed 
last was returned first, so that it would occupy its original place at 
the bottom. Before being returned each eight inches of soil was 
thoroughly mixed and then an equal: number of pounds was put 
into each plat and packed. In this way all the plats were prepared, 
each layer of soil after being thoroughly mixed was returned to its 
original position. 

During the years 1897, 1898 and 1899 the same experiment has 
been repeated, the various plats receiving each year the same kind 
of fertilizer received the previous year. 
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The small area upon which the experiments were conducted pre- 
cludes the possibility of making any calculations of value as to the 
effect of the fertilizers upon the yield of beets. The only deter 
minations of value hoped for are those which relate to the effect of 
the fertilizer upon the sugar content of the beets. We present the 
following tables which give the results of the three years’ work sepa- 
rately and also a table which gives the average of results for the 
three years. 


Tas_LeE Saowine Errectr or FERTILIZER UPON THE QuaLity oF BEETs, 


1897. 
er | Per cent | Per cent | Per cent - 

Plat. Fertilizer used. pes of sugar | of EERE sot’ in cried 
Lbs. in beet. | in juice. | juice. CE UACe. 
3 | Sulfate of potash../.9: 26... ! 544 17.06 | 17.96 | 20.08 87.56 
4 | Superphosphate... ... ....| 544 17.29 | 18.18 | 20.12 90.36 
5 Peulphiate of potash. t04H- s.A00827 7. |: i tealt aeeies baer ropes 
} Nitrateiof/Sodats: So. s..0. 2° 277 16.20 | 17.06 | 19.06 89.50 
6 | Nitrate of soda..... SEN 544 16.71 Wiz090 eelos4o 88.40 
Thal| TNKoy si ABUL Ae Onin met GCC ae Lagat 16.48 | 17.35 | 19.42 89.20 
So NOMETtIMIZER, 79) a.5-2.2;0 eo he ee 16.23 | 17.09 | 19.22 88.60 
g | § Sulfate of potash....... .... OT cilvagcee. Cech P oe eae eee SERA cee 
| Superphosphate............. 277 16.61 17.49 | 19.14 91.38 

10 | 3 Nitrate tof soda. « .... 3262 Pt hata as <i ete awl ee 4a site 
{ Superphosphate ........ ... 277 16.94 | 17.84 | 19.84 89.86 

( Sulfate of potash ....... .. BAG fet llc ee Ped hg tS 
LE Nitirateyol S008) 4.) ys .centa - 1842] 17.43 | 18.35 | 20.08 91.22 
| Superphosphate ............ SA a al” focioe. oy Mbacme ees |e texeoree 
12 | Muriate of potash............ 544 17.73 | 18.67 | 20.72 89.94 
ies NGUIMN! =. ney seo RL AR 1089 16.49 | 17.36} 19.30 89.44 
14 | Ground phosphate rock...... | 1089 16.18 | 17.04] 19.08 89.14 
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TasLe Suowine Errecr or FrrririzER upon Quauity oF BEEts, 


1898. 

Rate per | Per cent 
Plat. Fertilizer used. acre. | of sugar 
Lbs. in beet. 
3 | Sulfate of potash............. 1089 | 16.77 
AA SSuUperphosphate ics eae 1089 | 16.39 
5 | { Sulfate of potash............ 1089 | 16.72 
/ Nitrate of soda. .3)5) ins... 20 1089) aks. eee 
GrlNitrateyofsodaz.)..iee sce cr 1089 | 13.78 
CN OMertiliZen 6:2 lactwe ics. cussions tienes 16.15 
SeleNomertilizermesah cee anee sel eaten fee 17.05 
g |§ Sulfate of potash ........... 1089 ite 
( Superphosphate............ 1089 | 17.96 
10 INitrateyotsodar cin. vedere 1089 | 17.58 
Superphosphate..........-. OSD eterna 

( Sulfate of potash............ 1OSOR eee 
i) Nitrate Of Soudan io fast, -- <eles 1089 | 16.48 
( Superphosphate.... ....... NOC ell es oe 
Lu MuLiate OLepotash lewers cect 1089 | 17.48 
BSS LaN NIG eres wharnohistett ake een ooh ta 1089 | 16.72 
14 | Ground phosphate rock ..... 1089 | 16.01 
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TaBLE SHowine Errect oF FERTILIZER UPON QUALITY oF BEETs. 


Average of Results for 1897, 1898 and 1899. 


Plat Fertilizer used Of eager! Of aagat |of sntidy (PE ames 
ra oath ‘in beet. | in juice. | in juice. | Of Juice. 
Suitetieste OF POLSN . 52. as.02c0 dips ions + a 16.66 | 17.53 | 20.39 85 38 
AAMSuUperphosphate’s.'... sem etee een eee 15.82 | 16.64 | 19.44 88.75 
5 | puliate of potash’. ; ies) sale dap ars 15.72 | 16.55 | 19.35 85.46 

Nitrate oh soda sheer selves s|| cote [aes Saati es soiceer [lus etree 
Gi PRtEAIe OF BOGE. iS . cisfcciiwe canes de- 2 13.53 | 15.29 | 18.49 81.60 
Ae WING ACLALIZCE can: Sa staye sicie aie 2-0) ea occa 5 15.53 | 17.05 | 20.00 85.53 
Ss Dodertilizer woe een. Sleds vicu Sale Ss 16.14 | 17.03 | 19.64 86.40 
9 Sal phate Of potash! eos.) cise cisjaaie 00! eh 16.90 | 17.79 0.11 88.39 
SITPEMMHOS PHACC e ccrenctetoien Estee ores sic elas sitar | st eseore ip ioteonversten in ovatotsetecs 
10 | 5 Nitrate of Seas: Fa Ls I ao oe 15.83 | 16.66 | 19.14 86.75 
REMATPMORPIIRO sisson tide cin ofoitee oak em ane Nis meetcese, fcereah adh ateiara haa 
BUTERA Ee OLAS ciefairs, ais «a oe 85.5, ate > Ufrartiters ty [LN aes Meare We v'xie niet 
DTG etinnbe Of SOCAN. .. biz. > alia ala sie oles « 16.11 | 16.96 | 19.79 85.54 
SMPErPHOSPHALC a's 6 aj 5 cca oreo sais '5) a ie ATEN Ne Mantel | SIR EEE Cer 
Po OMMTIAGG OL POLED . os. <5 cs cleric sen oe 17.02 | 17.92 | 20.80 85.94 
POMC Omraire: Be uals: 9 diniduc oie * slocmd. Seialelele © 15.98 | 17.15 | 19.76 86.61 
14 | Ground phosphate rock....... ....... 15.86 | 16.69 19.39 86.04 


By a study of the above tables the two facts which seem to be 
most pronounced are: First, where nitrate of soda was used alone 
as a fertilizer the per cent of sugar in the beets was very materially 
reduced as was also the purity of the juice. The average per cent 
of sugar in the beets where nitrate of soda alone was used was 13.53, 
with the purity of the juice 81.60. 

The average of all plats where no nitrate of soda was used was 
16.24 per cent of sugar in the beets with the purity of juice of 
86.63. 

Second — Contrary to the popular belief, the beets upon the plat 
receiving muriate of potash alone as a fertilizer contained the high- 
est per cent of sugar of any of the beets grown, and the purity of 
the juice compared well with that of all others. The per cent of 
sugar in the beets fertilized with muriate of potash alone was 17.02 
with a purity of the juice of 85.94. The average per cent of sugar 
in the beets grown on all plats not receiving any muriate of potash 
was 15.82 with purity of the juice of 86.04. Itis usually considered 
that the sulfate of potash is superior to the muriate of potash as a 
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fertilizer for sugar beets but our experiments do not indicate that the 
sulfate is superior in any way tothe muriate. This fact is important 
because the muriate of potash can usually be secured at a price 
materially less than the price asked for the sulfate of potash. Where 
nitrate of soda is used as a fertilizer for sugar beets it should be used 
in conjunction with the mineral fertilizers superphosphate and 
potash. Muriate of potash may safely be used as a fertilizer for 
sugar beets. The other chemicals used seem not to have any 
marked effect upon the quality of the beets. 
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171 Gravity or Dilution Separators. 
172 The Cherry Fruit-Fly: A New Cherry Pest. 
173 The Relation of Food to Milk-Fat. 
174 The Problem of Impoverished Lands. 
175 Fourth Report on Japanese Plums. 
176 The Peach-Tree Borer. 

177 Spraying Notes. 

178 The Invasion of the Udder by Bacteria 


179 Field Experiments with Fertilizers. 
180 The Prevention of Peach Leaf-Curl. 


181 Pollination in Orchards. 


Strawberries under Glass, 10 pp. 

Forage Crops, 28 pp. 

Chrysanthemums, 24 pp. 

Agricultural Extension Work, sketch of 
its Origin and Progress, 11 pp. 

Studies and Illustrations of Mushrooms; 
I., 32 pp. 

Third Report upon Japanese Plums. 

Second Report on Potato Culture, 24 


PP. 

Powdered Soap as a Cause of Death 
Among Swill-Fed Hogs. 

The Codling-Moth. 

Sugar Beet Investigations, 88 pp. 

Suggestions on Spraying and on the San 
José Scale. 

Some Important Pear Diseases. 

Fourth Report of Progress on Extension 
Work, 26 pp. 


147 Fourth Report upon Chrysanthemums, 36 
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Quince Curculio, 26 pp. 

Some Spraying Mixtures. 

Tuberculdsis in Cattle and its Control. 

Gravity or Dilution Separators. 

Studies in Milk Secretion. 

Impressions of Fruit-Growing Industries. 

Table for Computing Rations for Farm 
Animals. 

Second Report on the San José Scale. 

Third Report on Potato Culture. 

Grape-vine Flee-beetle. 

Source of Gas and Taint Producing Bac- 
teria in Cheese Curd. 

An Effort to Help the Farmer. 

Hints on Rural School Grounds. 

Annual Flowers. 

The Period of Gestation in Cows. 

Three Important Fungous Diseases of the 
Sugar Beet. 

Peach Leaf-Curl. 

Ropiness in Milk and Cream. 

Sugar Beet Investigations for 1898. 

The Construction of the Stave Silo. 

gt ae and Illustrations of Mushrooms; 


Studies in Milk Secretion. 

Tent Caterpillars. ; 

Concerning Patents on Gravity or Dilution 
Separators. 
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APPENDIX II. 


Detailed Statement of Receipts and Expenditures of the Cornell 
University Agricultural Experiment Station, for the fiscal 
year ending June 30, 1900. 


EXPENDITURES. 
FOR SALARIES. 

1899. 
dale fe ele Ps Roberts, Director ..,« 5.5... 4sj500 Satna sei ee mae $125 00 
“eet. i, Hy Gailey, Horticulturist, 2202.2: SCE AA oes Cor 125 00 
peteole le a NV Ue DALEY IAIN... 30:0, 0 0) 2/c0 ofS Bein t apelin eke ai aepehe 125 00 
Soins G. Hy; Atkinson, Botanistr.c.. sii aicee }. shires acs wanes 83 38 
“931. L, A, Clinton. Assistant Agriculturist,....)...0200800. Jo0e 100 00 
Amores. I, P. Roberts; Director isis \2 isis tebe as diaiateiAtelies wlohe ae al 125 00 
“ot IH Bailey, Horticulturistiiss4 jester als. Bint 125 00 
wot ie Ae Wine, Dainyman: «...). cca oy Se eetela bade ele tiee ale ams 125 00 
subst: -.G. EL Atkinson) Botanist, « <a: eh, Pepin ie oj clesit hee Pd o.02 83 33 
«31. L. A. Clinton, Assistant Agriculturist ...........006.-0008 100 00 
Semus0- oI.) P Roberts, Director. .<. ss. scares assed «cfc. ohiese 125 00 
swe o0. lao. Dailey; Horticulturist. «:..;-ryscisaeis's stad aes ls did: 125 00 
2G GE shales eiikeed Dr yb aa) 2G ar es cidlbc Gaeignaiaross Doiociao Son: 125 00 
Sanco GE, SATKINSO, sOtBIISh, ...'.s.cc% <aFon@ Nel ks (egos camel 83 33 
“30. G. W. Cavanaugh, Assistant: Chemist ..... ic. ee Meas 100 00 
“30. L. A. Clinton, Assistant Agriculturist .......05.6. se.e0es 100 00 
a0: tN. Maloney, ,Stenoprapher: .. 0s... )..0 teh. 2 jaa ehaenale oe 47 67 
Getsgsi.. TP Reberts. Director, 4c. asd Ghose ee agent 125 00 
raeol.. 1, Hy Bailey -Horticulturist:. ......... sass Bc ace ince 125 00 
Poa oo) SH. Wimp. Dairy Mam... .. Jereihslaeeses «Sf alsatd oot ni 125 00 
Wiel. G.-P. ALRIANON, (SOURMISE . « < ¢..'¢.MiRb esa see ee ated 83 33 
<* 31. G. W. Cavanaugh, Assistant Chemist..... .............- 100 00 
“ 31. L. A. Clinton, Assistant Apricultinlaee HUGE). SOOT eRe ce Aoveke 100 00 
Nove30, 1 P. Roberts, Direetor i233 Ja7cstee es tects dee 92 oss 125 00 
“ 30. L. H. Bailey, Horticulturist. ............ tek OSHe Ree 125 00 
Spo: Et Ho Wane OD RIryIMANy.,;. oasis esata cieeee bemimetstte -alhs\ate 125 00 
Amount carried: forwards 2.7. < ews cols eee cose $2,855 99 
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Amountsprouchttonwardeecere re eaeee ee ere $2,855 

G. Ey Atkinson, Botanist i. 7acnes sate eee <a os eaters 83 
G, W. ‘Cayanaugh, Assistant Chemist... <2... 2a... 00a = 100 
L, A. Clinton, Assistant, Agriculturist 2..¢. 4:...-.+.0s-0< 100 
i. Ac Butler, ¢@lerks 22% 2. Se: cn Mees oh oleae ese ae eee ioe 60 
Ve Maloney stenographer aa. eriiee niceties eater 47 
LB Skhopertss Directories: oi mecke co ois cree ive core 125 
eH Bailey, Horticulturistserc om sense eit ieioiat «eeire 125 
He Ee Wine Dairy man. 2) seso. Alerts colle esis rorstotclete teks 125 
M. V. Slingerland, Assistant Entomologist...............- 135 
G; Fy Atkinson, Botanist::..... (0... tee epee wen eines 83 
ly. Ay Clinton, Assistant Aoriculturist,. 2 0/rs «cee sins ele 100 
G. W. Cavanaugh, Assistant Chemist......... .........0. 100 
IDEN ASR Olenc Sopa Gk aebad* cede aodobodsbou6. 6565c 60 
L. V. Maloney, erepOREAe RSE peace bAGDaOOAOUnOC Fr skstoy openers 47 
LP Roberts Director yererncrelorr-iolcoislok tees eictestete elec hes tore ane 125 
iL) Ae Bailey. Horticulturists:, ..cete eect ete dae) islet aeienyciete eke 125 
< H. Wing, ‘Dairy mannci.2 son...) MASE ALL eee decile 125 
{. V. Slingerland, Assistant Entomologist ............... 135 

2 i. Atkinson, Botanistesiinss2 4: eer. tee ohrltey as 83 
G. W. Cavanaugh, Assistant .Chemist....°...0 9.0.1 2.0.6. 100 
Ip; AClinton; Assistant. Aoricultunistictracns. «feist fehoiks 100 
E. A. Butler, Clerk... ... siplogats sega repels a tataed ope atch cae betas wtbods 60 
LL, NV: Moloney, ‘Stenographery.....<). JeiAeiine «dierent wake 49 
TPs Roberts Dinectorrr wir iii by-eeueertetnel. lereisthne: pel ye si ek 125 
Li. Hy Bailey, Horticulturist: cs. < AP Ble Mates ak oe 125 
Hy H.. Wing, ‘Dairy man... 2.12.2 TENS ator elk ott ote 125 
M. V. Slingerland, Assistant Entomologist.. ..... ....... 135 
Gi ES Atkinson, "Botanists 1. sales atoncte rare eenayos oleh 83 
G. W. Cavanaugh, Assistant Chemist................24.. 100 
L A. Clinton, Assistant Agriculturist.......... . ...... 100 
By Az Butler; Clerk ...< s <.....7. alla a tate eeaoia Tecate 60 
L. V.. Maloney; Stenographer. ...........%aneee th Oh Mert. «tow dy 
Tee Roberts; Directors cise n\etetel edocs eee eet ticttete oh ier-Ne 125 
L. s Bailey.,, Horticulturist,.). 2.) ,HMse a weeek soktertd crokie,<t3 125 
Ee EL. Wangs “Dairy mais vev-vs9) orto eat ioteta oleh sternite las cite 125 
M. a Slingerland, Assistant Entomologist.......... pe ees 135 
GH, Atkinson, Botamist usenet. tol sietelr= etetersts crate otrevate 83 
G. W. Cavanaugh, Assistant Chemist...........-..ee000- 100 
L. A. Clinton, Assistant Agriculturist................ 100 
EB; A. Butler, « Clerk. a ..1. icvcte ornate sheets Sarteeds emlo bli le lethars iove 60 
L. V. Maloney, Stenographer............ AE seal OO. 49 
AMOUNt CATTICMLOLWAEGL nyse clelereloc ete itcleleistetcleters $6,853 
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Amount brought forward. . Bats as B 
PIRLOVEILS, WITECEON seiresttaert le ctl tees oe se 
Bailey. Horticulturists:.* ctr. oa 
» Waing,« Dairy Malone enrages case ee es 
lingerland, Assistant Entomologist........ 
tkinson, Botamist  2.-...-2:+.7. Sick dette 
linton, Assistant Agriculturist... ........ 

avanaugh, Assistant Chemist............. 
utlerClerkaaaeadrantsatads cots ceecette sss 
oberts, Director sss: es225-.- peta aod Matera 
f Bailey. Horticulturist .......... Be CA RO 
aa ine AAI VIMANA Wao s tos eck eas tte eee Sot 
Slingerland, Assistant Entomologist... ..... 
ATKINSON ABOLAMISGA Ec aie ehist ee ees ae ee 
Cavanaugh, Assistant Chemist......... .. 
. Clinton, Assistant Agriculturist............ 
; Butler; Clerk... <t-2erg yee see oes 
. Maloney, Stenographer........... OB Ata 
ODELESs DITECCON waa cave. petted acs sea ous 
Bailey, Horticulturist . Yao 3 teusee ees 


Bh Poe eh oe pe 


Neh Piepa ae 


ae) 
ee) 


He Pee Po 


=| 


G. 
G. 
L. 
E 


Motaleforsalanies: 3: s2+ wastes, ta aes ee aae = 
FOR OFFICE AND PRINTING. 


SEAS ALD Dean tayS at) ahisaisccte ciate vl ovals acts ah os Thai x Paros aise 
ERICA ate a t.e asicen aca te Loee excess ssalaie ani ein kas als 


He EO Wines traveling expenses. its <1 crjo)s ecto: BAe 
ROStR Me ett ncrae acetate mcrcias areiotetetats etstctoatcley «ictal 
OCs DAE a3 cia.0 se ores Skane ame oe: eo ee 
(ENS ete ai EDR PR Wes ter ae a eg aaltate 


Amount carried torwards. 405 cence sees 
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Ee 

Ee Wines Da irymman’ s.r 4 ctret rs eter «see's oe 
M. V. Slingerland, Assistant Entomologist........ 

Hs Atkinson, Botamist=stes os ot se ties oes cetera ce 

W. Cavanaugh, Assistant Chemist ............ 
A. Clinton, Assistant Agriculturist ............ 
PsA Uber ACen. 2 corre shale stellt eros cielo ete eee 


ili 


ae re $8,653 98 
BEES 65 125 00 
ete eset 125 00 
St tasty 125 00 
Sou boon 135 00 
soe pent an 83 33 
Soleil 100 00 
hapepmertid 100 00 


60 00 


ACEC 125 00 
ache, Src 125 00 


125 00 


Eis o utero 135 00 


83 33 


EAD rine 100 00 


vie oeRINSE $9,460 47 


pete e 15 46 


IV 
1899. 
Sept. 11. 
SSO: 
Sy ADD. 
Ochane: 
: Ue 
pall: 
en Ye 
ali: 
Ler iey 
se 52): 
ee 
BB 
Seuioile 
papi. 
eC oineL 
Nov. 4. 
ere. 
et Ire 
$6 OF. 
theo. 
Dec. 1. 
ner yee Be 
Saya 
von coal. 
eer 
Shows. 
Stes 
SS BS 
Sug) 
ome bs 
Si! 
$e" 12: 
Sealy: 
COomritisy 
a9. 
Se Oe) 
$30: 
JO AND) 
a +30: 
1900. 
Jan. 38. 


Aprprennix II. 


Amount carried forward’ ais wont f4 gees te ok $402 81 
Gas! AS ea Haintee < sie b cg 3) oe PAA eee ee 1 05 
POSEARE i setsd waite’, Sines VATE Werdoette Mole Melle eae Oe ee 30 00 
KE. A. Butler, traveling’ expenses! < itjacz tile Gabe oda 7 37 
Repairing ty pewriter...<105:.facwotehta den Pelalsae eee et wae 4 62 
Printing Bulletin No. di2io2 «>= sags e Ren eee ee 242 00 
Paper sinh 0. \ fae es de ies B inile ee dena tions SRM ecpeoet 2 00 
Gast. .a. es: 2 pace Beet e dg adetaae deeereane aan eee 90 
City, Directory ss dish. 3. s 58 swe cats aoe) eee 2 50 
Wrapping -paper:./ “.0@-. 0. S.A eee ab eee 21 50 
PE Press Mae eA te aes os loaf omabe bid bine bapa ope eetos 25 
Hreight) andscartagelsy:.".2. 4,550 nak eee knee ee eae 4 53 
Bn Sra VIN P82) oY dale Dade aatdlele te-ak o faapleoeutes cee ae 11 70 
Li. Vi Maloney salary. «2 c...J5.. +0 dahtagee RENEE PEELE Eee 47 67 
Da bor Mos ‘teisis's -elcste Baigtn Re ye $ wart clade < hehe ae eee 7 80 
EUXPYOSS: 250). os via’ wareleatete tial nde wtoppela Nae < opts Ree Esra 40 
Co-operative Society, office supplies............ sit eae 7 91 
Gas. Soiipes Lance ee Aes seetineoseaneee ve OO CG LIGGICe A 2 10 
SlAlONery 23). L skis sie eGe +e de case MAREE Ca eee 40 
Postage: 9:3 ie oniad. shies Bhd. SORES ents ce 25 00 
Hinpra ving). 3%. Vicdsen es on. ho5 s fa ieee see ee EEE 2 00 
EKreight and cartage:.A.tc0p yack eed «fee ieee Mee oe 6 85 
MacMillan Co., 12 vols. Rural Science series............--- 8 78 
Printing, Bulletin No. 17335. yashhinsk «dee senescent 353 10 
E._ A. Butler, traveling. expenses... s<4a%/w se sais edn ds does 7 60 
Tabor eosin he eee se oan he Chiao ie a eer aie 9 05 
Blawk books. alcacceie Meir ts i a we icine ie som reine sere 4 50 
BOOKS.) tig Rate Salen s oe cole e 6 SSR Oe Bot Mira eirtotd 1 16 
Hrevehtand i eartage aia. wer aks aoe ele cate) ee sacle ee ees 5 86 
Oiléor oticesoor SAT... scx con saa sete ee ee ote areas ee 2 50 
Omics supplies... cedewas Aa ee we ae orea bere ekg ean 60 
Gass. 22 leases aah Btls Sock veh beste ee wate ares wee aatene ater 3 13 
American Bookli@o:, "00K sci cnet cone eee Le 1 30 
BOOK :.31's jiets coe Pa TINT olds che Sew cle a ates arate eae 68 
Wd. (Beéal;-8. Pe, Aas Rept: sven aaa ae tee 59 
]. .P? Roberts, traveling..expenges....sic% < «0's es dete meses 2 70 
PROCOS AT Isic, a Pete aate ae Wis ba ade le Ace Owe TSG een CRT ee 30 60 
TBO, 555 wets etau'ahd ys Ra aoe eg IS elle AO ceo ara ae eh a oe 14 97 
Labor and material for mailing list..............sc00ssees 350 00 
Labor on Bulletin No. 172........... Frid chanord) Sey SiO ors aloeaiate 27 20 
Stalloueny iu. se'seehs «2% kOe Soon see eat Bap icinetes le caeeeaeeneneny 2 00 

Amount carried forward): <2... .66 asec cee nies wists $2,657 58 
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ApprEnpix II. Vv 


Amount: DrOUPnE forwards ao aoe. ,./510)0.055 0's ve 0 ae $2,657 58 
Ativertisement for old’nepontsmae. cies; ics ess es esicoe ete 1 50 
PSUR ES - 2% x, cte, 5 2 SMa oe oe oboe ss eels cee 25 00 
HINGES Se shares tata Pate SRT eaeaetie ene eke, se Tole ote obeys 30 
Pee paitiny "Ollee Clot key ere eet tains si sie Se aes soa fe oaks ops 2 25 
ARE Loss TD, Sepa ge iota) csahiceda tects ec bva'e'n's 's "aialete, Cah coke 3 13 
iP. Roberts, travelingiexpenses..-./sc.. 60 salts es Seige das 18 19 
Printing BulletimiNOme iin ce tiel ec ves sels o's wae oe oe alete oe 406 20 
BV ECT OM ANG CAEP ORR eee age a ap eh te Leos w wb 5 fe om ne 3 71 
G. W. Cavanaugh, traveling expenses.............ss0000% 4 91 
Membership dues te A> -Av A.C. 65 Ee 8: ae. oe siste ene 10 00 
SSUALIOMEEY  cwmreim teeta st ctoy ie SANs oF ae ns Siena welts Re Aarons 6 75 
PORE BEE ree Meare Sie is a Nails ac'a'o aa 0 Le ove win aie mires 25 00 
Can et een RU SS Tabs Stes sare NOs ka eke Sek ae ae Lae 2 50 
ORCE SUPPLE Pos. oa 00s vive Foie ds de vets Ho o's SE DOS 3 03 
GAR esas tae sacs Aue eee steed eee neve weds che PO MMe. ban bie 1 38 
EHV OIC BOOK Naas a Pier oa ee ais a RU ay alc s'calse's sete CE 2 25 
EU PRCSS crate ars Raa aaOe Red bard och k aT ERO RE SS RS 25 
CHEE s CANOES oF ip Le Haas sie vie ae aa ova ae Soin te ON 20 
HXSTESS Hs shoteho eee eicrea ore es AOE, TOLD. As 40 
AN ct ata Fh a niald's Fd chet By aN eee win eda des ive Deon 7 15 
Mreight and -Cartage.iias vos ccucu eine wx du's vt Rae eeese Me 5 382 
PHALLONELY: $0 s 0's vcs acess! as 2 Salis eis iors oie whee Porterers) ohcval aba eReroe 2 00 
Office supplies £4 iscsi For we vo da vo aOR. Ue cee 3 56 
GAAS Sea Marcsocars vata tar Weald ee wre a ec's ea we meatal REESE 2 00 
G. C. Caldwell, traveling expenses....... ...... wseeeeee 21 00 
ROStAB eles arab Nae Poet Fdor ae Savas Ss bane eee Sy Et Aa 25 00 
MAG TAVINESS....acaence ce Wiehe ce ae see's Fo SARS. See 7 37 
WE PTESS) cckx's se cahie toe wien a’ x Wuishe vn esse SUS ORI Te See 25 
BADOR ners Si0uGa <td a Seek sa ss hs aos oe SOR AeRe 16 00 
IEMULOMELY acct Neste Cer e oe ook ao babs Sos tas 45 ce DERG See 2 00 
Ofice supplies: +5 224705 wkirke sis «ATS. A OE 4 30 
(6 CIE Ee ena Ag Arias A, OC ee yom ed Pers rte) 1 38 
RETAVID ERE DNic eee eee soc cece kes ve OBRTESS aS 9 20 
PN OLOS iS 5 Skea ack stetershcsvrins MONE BOIS CKD, RIE Dh a 2 00 
Bostali Garde. ccs iis cic ereryaiorooes 5) Ske) ahavosticuebetsveleiicrorat eyelet 2 50 
Offices stippliesi ccs ccsevis.s . oie arian ova naPavepalahenonriatoasies nate erabere 10 05 
SEAR pa PPB GE LO 5 op ar ajax cransv annie a iavesaunrss'oriomcases aidiaie PRR RS : 1 60 
Rostalsand : Printing... -i,0:0:a:cicroys,<cie1oec0e SEI). ai Aes 6 25 
GRAS aA oe hes oo Xa cide Sox on whip der Bek ecns Cue ee 1 12 
BOM eiee nese ich oie ars v cis aplaienctaciacieind anaes ee se SEE 1 50 
WEP PE Sian aes ies it Si hasarasds «ages! civ See a Re ee 6 35 

Amount carted forward san een ciecis enc isiociieincke $2,312 53 
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Amount brought aorwatd.. 4.5 crcns roses os. ceeres $2,312 53 

| 10) eI UME Sait Raed Seta rte Ren mugresiah olin a clits 8 00 
EX PLESS asses oo So uh eae oe vicars eRe ssetaveleng hat Nexelslorerausyeaahe 1 30 
Mimeo graph "WOrk. 2s ovo0 cote: acid seen walaoe save otaee 70 
RepairsOne CAMEeTA ye. ia. ia eos de eh errerasy cee ciel crea le eel acoPnee 40 
Gass ose a ciate losis Oy aiel oe on Ban sae Semele Oma ee ete 88 
BOOK Oi of iregictie sree istt ate ee eile, Sree te seals aire t cn eee ee eee 1 00 
GAS FS ic Bib Soe ea wee bahar ate oii tua wT SE a tlelte eh re ree aera ra retete 3 76 
Mimeéograph’ work and ‘supplies: 7.2.0). xi0.000 cee es nis 3 50 
Total for Office’and: Printing... stonmccwecreemase mec $2,331 07 


FOR AGRICULTURAL DIVISON. 


Printed: slips ji s-csnee seco Saree IL Cee (pistes swale $1 50 
Grass seeds. 5 5.5 assassins, cose aes s, aoteeie ee tepets 1 55 
PR OUOS | jain Sess i Gis vast arcs aaeiappaanace” ore alece ais ss EN PON a 2 00 
PEIXNOSS Spi oboe sia eighesteralate & eleisieqevepaioleiss Jez ses hes eo ls OEE 55 
Mel Orgecc7 pects Daly atrerde acsie aur Sink ORATOR NS TEES 20 79 
i; A. Clinton, traveling expenses, ..\..../..5«010, ~ -meexieee 5 82 
ET e Ses cpanay SA yesereon opesnrerer Derelevenss acne, siere sues crssaies conic eaete onan 25 
Ihetter heads oo). .050 ok apy ene o nce on ees Ret Weta ear 6 88 
Ls ADOR Ace Ciiz., 7 BLS esis: Pole eh ols da snl aaasial cies oleae RC ae 17 85 
Freight and Carta py ea ijov. se lveya:siesstaleiecer-seias np ORO ee ete 15 00 
PROLOS Sic s, Seaes op tsp ee Geadisieen <a be bse oe ee eee = ee 1 50 
Eleven pigs, $2 each.,....2szestam slowed Liswinine oh 22 00 
IEIXS TOSS fers acai el aexcs hav we eisike, cove eater ees ere lee CMO 85 
Spring Malancess(2)s ss aac aisle evs oats creve\aleve Ge ea eeree niet 5 50 
Sundry@@rupsien ste senns ccm oe go) suai Bate lo Siglavere Have, Se OCR EO 9 99 
Whettengh ea ds). ajcccsa sense ove <)saisleiny a oes uate o areiatesc! sie aie oltre roae Meee 4 25 
Gasapipet isi: acaseoy saa 5 cis due a avonate, Acai gral aie'te atelaes oe TS bak 76 
Photographic material. 0.0.0 0d:¢, 2:s:01njs0:sjese/ac0 Ma thaplelgia Seale 1 86 
Mori ob Olli alr 58a. Sis iete ate ne ae chee faracor a helen aeiove sincera ; 27 50 
Hreight, angycarta gen .n..cia cece iis «ioe telers ieee eee teeters 15 00 
L. AJ Clinton, traveling EXPeNSes . .......,.:.6.j0m 00 «chiens 3 50 
Pia boriss0c ct Riiaishie creronepgesacactovereisis.neotece oisole oo eaetete chee eater 75 37 
TAD ON ce ewcakereeaeerue ee. J icieieie is aeseleis « RENE ee 1 89 
Mele phones COs psig wis soiclelers|syeneue iss ioncieieyersie Loic ioeeete hele etek tee 1 00 
Brei ght, An CArtage jes ioiee ye nialaye pesos. ia pba leals a bede ome eee eee 15 00 
Beetipulpiycecc eae c eee eae a iareie/ai at gacelerety geen Oeres rane 21 50 
TGA DOT 45 Save ecpapsneushorcnctevepolstsiexcnolonmisnesed wnels/erniels\s ete loke sie eee enerOe 13 35 
Copy iWOoks virctesivaseece ere stastelerereaicts ereraletoletelelelerereveriers 506 2 25 


Amount carried forwards ciencs) feosclocic ice aereDcoOEO 
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Appenprx II. vii 

Amount broughtHforward sissies Jiiestih. sc. 3295 26 

EX PIeSSicetacesr seers « Si Sor POR COC COTS CREE Oreo OHS t 1 25 
J DN NOP anise ABO Berd op Cho cede cae toes eRe ae RES AES Po SS 28 44 
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Wea OL rion. oi ants ih bi seuens Ee A pide ie aha nb ew ic RET AMAT 5 00 
a8 OZ)! oe Fia te vey o ks mRNA Rohe Ma ae To AIS d ac Brook 60 
Aen, Ward, traveling expenses... 2 sissies Juss eilseiis cree ad 1 75 
Sree Sdioc-o 2 scabs seo Soe pene eG Ue mut ateateds 1 95 
Total for Agricultural: Divisions 5 wsixce. baw eae ste ed $391 44 
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Amount broughtforwardsysd SAG. oye $65 68 
DD Pigs iii h si anchovencvtrcncvens oh verokenerakepis ck cies ET eickclenc reer rer Se aE 2 00 
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Total for Entomological Division.................. $142 56 
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SUMMARY. 


The Agricultural Experiment Station of Cornell University 


1900. 


In account with 


The United States Appropriation. 


Dr. 


To Receipts from Treasurer of the United States as per 
appropriation for the year ending June 30, 1900, under 


Act of Congress approved March 2, 1887 


June 30. 


Cr. 

BY sSalariesncs ois. sina arc as tts dag Dees RRO ee 
OttvcelandSPrintin es ie neic astacsie ecco eeeecl 
STIG MIGIIT GS tcf teiacialh Fists sho ay aig Ae ase 
Vor ii@ wl ture sae vet) «rete so eels eres 
CHEMMISUE Ye Tecra ites monde mre ate a wie ol 
EXIST ee ene Soe atin trace hele 
HHLORIOLORY"...4-scts asee woes asedeten es 

RECEIPTS. 
Balance from! 1898-99)... . 3. on. acces 
Receipts from owners of herds tested...... 
Receipts from sale of produce............ 
DISBURSEMENTS, 


Repairs on Horticultural Forcing Houses... 
Supervisors of Milk Tests............. ... 
SundryeSuppliess acer. cactus ba oe ete = 
Balance on hand June 30, 1900............ 
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$13,500 00 


$9,460 47 
2,331 07 
391 44 
872 69 
80 52 
221 25 
142 56 
—— $13,500 00 


— $1,384 70 
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Nature-Study Quarterlies. 


2. A Handful of Soil. 

3. Cuttings and Cuttings. 
4. The Burst of Spring. 
5. A Brook. 


READING-COURSE FOR FARMERS. 


No. 154.) 
7. Balanced Rations for Stock. 
8. A Farmer’s View of Balanced Rations. 
9. Sample Rations for Milch Cows. 
. 10. Peter’s Idea of Improving ‘‘ Worn Out ” Lands. 


J UNIOR-NATURALIST MON'THLIES. 


No. 1. Seed Travelers, 

No. 2. The Story an Apple Tree Can Tell. 
No. 3. How We Shall Please St. Nicholas. 
No. 4. Oxygen and Carbon in Partnership. 
No. 5. Waiting for the Birds. 

No. 6. The Coming of Spring. 

No. 7. The Four Chapters in an Insect’s Life. 
No. 8. <A Children’s Garden. 
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6. Computing Rations for Farm Animals. (See Bulletin 
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NATURE-STUDY LEAFLET NO. 15. 


An AND RU LO: SO Les 
PARE L. WEAT It Is: 
BY R. S. TARR. 


IND drifts a seed from the parent plant until 
it settles to the ground, perhaps in a field 
or by the roadside, or even in the school 


yard. There it remains through the long 
winter; but with the return of spring, encouraged by the warm 
sunlight, the seed awakens from its dormant condition, breaks open 
the seed-cover and sends leaves into the air and roots into the 
ground. No one planted the weed ; but it has made its way in the 
world and it thrives until it has given to other seeds the same 
opportunity to start in life. 

Had the seed fallen upon a board or a stone, it might have sent 
out leaves and roots ; but all in vain, for something was lacking and 
that seed was a failure in life. What is there in the soil that is so 
necessary to the success of plant life? And how has it come to be 
there? Indeed, what is this soil that plants need so much? These 
are some of the questions which we will try to answer. 

One readily sees that the soil furnishes a place for the plants to 
tix themselves; an anchorage, as it were. It is also easy to see that 
from the soil the plants obtain a supply of water; and, moreover, 
that this water is very necessary, for the vegetation in a moist 
country suffers greatly in time of drought, and few plants are able 
to grow in a desert region because there is so little water. You can 
make a desert in the school room and contrast it with moist soil by 
planting seeds in two dishes of soil, watering one dish, but furnish- 
ing none to the other. 

That water is necessary to plants is also proved by the plant itself. 


The sap and the moisture which may be pressed out of a grass stem 
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or an apple are principally water taken from the soil by the roots. 
But there is more than water, for the juice of an apple is sweet or 
sour, while the sap and juice of other plants may be sweet or bitter. 
There are some substances dissolved in the water. 

It is these dissolved substances that the plants need for their 
growth, and they find them ready for use in the soil. There is a 
plant-food which the roots seek and find, so that every plant which 
sends roots into the soil takes something from it to build in the 
plant tissue. The sharp edges of some sedges, which will cut the 
hand like a dull knife, and the wood ashes left when a wood fire is 
burned, represent in part this plant-food obtained from the soil. 


14.— A boulder-strewn soil of glacial origin with one of the large erratics on the left 
similar to those which early attracted attention to the drift. See page 42. 


Let us take a handful of soil from the field, the school yard, or 
the street and examine it. We find it to be dirt that “soils” the 
hands; and when we try to brush off the dirt we notice a gritty 
feeling that is quite disagreeable. This-is due to the bits of mineral 
in the soil; and that these are hard, even harder than a pin, may 
often be proved by rubbing soil against a piece of glass, which the 
hard bits will serateh, while a pin will not. 

Study this soil with the eye and you may not see the tiny bits, 
though in sandy soils one may easily notice that they are bits of 
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mineral. Even fine, loamy and clay soils when examined with a 
pocket lens or a microscope will be found to be composed of tiny 
fragments of mineral. It is evident that in some way mineral has 
been powdered up to form the soil; and since the minerals come 
from rocks, it is the rocks that have been ground up. The pow- 
dered rock will make just such a substance as soil may be proved 
by pounding a pebble to bits, or by collecting some of the rock dust 
that is made when a hole is drilled in a rock. Munch the same 


15. — A glacial soil, containing numerous transported pebbles and boulders, rest- 


ing on the bed rock. 


substance is ground from a grindstone when a knife is sharpened on 
it, making the water muddy like that in a mud hole. 

It will be an interesting experiment to reduce a pebble to powder 
and plant seeds in it to see if they will grow as well as in soil; but 
in preparing it try to avoid using a sandstone pebble, because sandy 
soils are never very fertile. 

Not only is soil made up of bits of powdered rock, but it every- 
where rests upon rock (Fig. 15). Some consider soil to be only the 
surface layers in which plants grow; but really this is, in most 
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places, essentially the same as the layers below, down even to the 
very rock, so that we might call it all soil, though, since a special 
name, regolith (meaning stone blanket), has been proposed for all 
the soft, soil-like rock-cover, we may speak of it as regolith and 
reserve the word soil for the surface layers only. 

In some places there is no soil on the bare rocks; elsewhere the 
soil-cover is a foot or two in depth; but there are places where the 
regolith is several hundred feet deep. In such places, even the 
wells do not reach the rocks; nor do the streams cut down to it ; 
but even there, if one should dig deep enough, he would reach the 
solid rock beneath. 

How has this hard rock been changed to loose soil? One of the 
ways, of which there are several, may be easily studied whenever a 
rock has been exposed to the air. Let us go to a stone wall or 
among the pebbles in a field, for instance, and, chipping off the sur- 
face, notice how different the inside is from the outside. The outer 
crust is rusted and possibly quite soft, while the interior is hard and 
fresher. Many excellent examples of this may be seen in any stony 
field or stone wall. 

As hard iron rusts and crumbles to powder when exposed to the 
weather, so will the minerals and the rocks decay and fall to bits; 
but rocks require a very much greater time for this than does iron. 
It happens that the soil of New York has not been produced by the 
decay of rock; and, therefore, although most soils of the world have 
been formed in this way, we will not delay longer in studying it 
now, nor in considering the exact way in which rocks are enabled 
to crumble. 

Another way in which rocks may be powdered may also be seen 
in most parts of New York. The rains wash soil from the hillsides 
and the streams become muddy. In them there are also many peb- 
bles, representing the larger fragments that have fallen into the 
stream after having been broken from the ledges. The current 
carries these all along down the stream, and, as they go, one piece 
striking against another, or being dragged over the rocks in the 
stream bed, the pebbles are ground down and smoothed (Tig. 16), 


which means, of course, that more mud is supplied to the stream, as 
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mud is furnished from a grindstone when a knife or scythe is being 
sharpened on it. On the pebbly beaches of the sea or lakeshore 
much the same thing may be seen ; and here also the constant grind- 
ing of the rocks together wears off the edges until the pebbles 
become smooth and round. 

Supplied with bits of rock from the soil, or ground from the peb- 
bles and rocks along its course, the stream carries its load onward, 


16.— The bed of a stream at low water, revealing the rounded pebbles that have been 
worn and smoothed by being rolled about, thus grinding off tiny bits which 
later are built into the flood-plains. 


perhaps to a lake, which it commences to fill, forming a broad delta 
of level and fertile land, near where the stream enters the lake. 
Or, possibly, the stream enters the sea and builds a delta there, as 
] J 9 ) 
the Mississippi river has done. 
But much of the mud does not reach the sea. The greatest sup- 
ply comes when the streams are so flooded by heavy rains or melt- 


ing snows that the river channel is no longer able to hold the water, 
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which then rises above the banks, overflowing the surrounding 
country. Then, since its current is checked where it is so shallow, 
the water drops some of its load of rock bits on the flood-plain, 
much as the muddy water in a gutter drops sand or mud on the 
sidewalk when, in time of heavy rains, it overflows the sidewalk. 
Many of the most fertile lands of the world are flood-plains of this 
kind, where sediment, gathered by the streams farther up their 
courses, is dropped upon the flood-plains, enriching them by new layers 


17.— Near view of a cut in glacial soil, guilied by the rains, and with numer- 
ous transported pebbles embedded in the rock flour. 


of fertile soil. One does not need to go to the Nile, the Yellow or the 
Mississippi for illustrations of this; they abound on every hand and 
many thousands of illustrations, great and small, may be found in 
the State of New York. Doubtless you can find one. 

There are other ways in which soils may be formed (Fig. 17); 
but only one more will be considered, and that is the way in which 
most of the soils of New York have been made. To study this 
let us go to a cut in the earth, such as a well or a stream bank (Figs. 


15 and 17). Scattered through the soil numerous pebbles and 
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boulders will doubtless be found; and if they are compared with : 
the solid or bed rock of the country, which underlies the soil (Fig. 15) 
some of them will be found 
to be quite different from it. 
For instance, where the bed 
rock is shale or limestone, 
some of the pebbles will no 
doubt be granite, sandstone, 
ete. If you could explore, 
you would find just such 
rocks to the north of yon, 
perhaps one or two hundred 
miles away in Canada; or, 
if your home is south ofthe 
Adirondacks, you might 
trace them in those moun- 


tains. 

On some of these pebbles, 
especially the softer ones 
such as limestone, you will find scratches, as if they had been ground, 
forcibly together (Fig. 18). Looking now at the bed rock in some 
place from which the soil 
has been recently removed, 
you will finditalso scratched 
and grooved (Fig. 19); and 
if you take the direction of 


18.— A serate’ed limestone pebble taken from « 
glacial soil. ; 


these scratches with the 
compass, you will find that 
they extend in a general 


north and south direction, 
pointing in fact in the same 


19.— The grooved bed rock scratched by the move- 
direction from which the ment of the ice sheet over it. 


pebbles have come. 

All over northeastern North America and northwestern Europe 
the soil is of the same nature as that just described. In our own 
country this kind of soil reaches down as far as the edge of the shaded 
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area in the map (Fig. 20) and it will be noticed that all of New 
York is within that area excepting the extreme southwestern part 
near the southern end of Chautauqua lake. 

Not only is the soil peculiar within this district but there are many 
small hills of clay or sand, or sometimes of both together (Figs. 26 
and 27). They rise in hummocky form and often have deep pits or 
kettle-shaped basins between, sometimes, when the soil is clayey 
enough to hold water, containing tiny pools. These hills extend in 
somewhat irregular ranges stretching across country from the east 
toward the west. The position of some of these ranges is indicated 
on the map (Fig. 20). 

For a long time people wondered how this soil with its foreign 
pebbles and boulders, all together called “ drift,” came to be placed 
where they are; they were especially puzzled to tell how the large 
boulders, called erraties (Fig. 14), should have been carried from 
one place to another. It was suggested that they came from the 
bursting of planets, from comets, from the explosion of mountains, 
from floods, and in other ways equally unlikely ; but Louis Agassiz, 
studying the glaciers of the Alps and the country round about, was 
impressed by the resemblance between the “ drift” and the materials 
earried by living glaciers. 

Agassiz, therefore, proposed the hypothesis that glaciers had car- 
ried the drift and left it where we now find it; but for many years 
his glacial hypothesis met with a great deal of opposition because it 
seemed impossible that the climate could have changed so greatly 
as to cover what is now a temperate land with a great sheet of ice. 
Indeed, even now, although all who have especially studied the sub- 
ject are convinced, many people, even those who are educated in 
some directions, have not accepted Agassiz’s explanation, just as 
years ago, long after it was proved that the earth rotated each day, 
many people still believed that it was the sun, not the earth, that 
was moving. 

The glacial explanation is as certain as that the earth rotates. 
For some reason, which we do not know, the climate changed and 
allowed ice to cover temperate lands, as before that, the clima*e had 


changed so as to allow plants like those now growing as far south as 
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Virginia, to live in Greenland, now ice covered. When the ice of 
the glacier melted away it left only signs of its presence ; but when 
the temperate latitude plants grew in Greenland they left seeds, 
leaves and tree 
trunks which 
have been im- 
bedded in the 
rocks as fossils. 
One may now 
pick the leaves of 
temperate cli- 
mate trees from 
the rocks be- 
neath a great 
icecap. 
Nevertheless, 
to one who stu- 
dies them, the 
signs left by the 
glacier are as 


21.— A view over the great ice plateau of Greenland with 
amountain peak projecting above tt. 


clear proof as the leaves and seeds. From these signs we know that 
the climate has changed slowly, but we have not yet learned why it 
changed. 

There are now two places on the earth where vast glaciers, or ice 
sheets, cover immense areas of land, one in the Antarctic, a region 
very little known, the other in Greenland, where there is an ice 
sheet covering land having an area more than ten times that of the 
State of New York. Let us go to this region to see what is being 
done there, in order to compare it with what has been done in New 
York. 

In the interior isa vast plateau of ice, in places over 10,000 feet 
high, a great icy desert (Fig. 21), where absolutely no life of any 
kind, either animal or plant, can exist and where it never rains, but 
where even in the middle of summer the storms bring snow. Such 
must have been the condition in northeastern America during the 


glacial period. 
436 


45 


This vast ice sheet is slowly moving outward in all directions from 


the elevated center, much as a pile of wax may be made to tlow 


outward by plac- 
ing a heavy weight 
upon the middle. 
Moving toward 
the north, east, 
south and west, 
this glacier must 
of course come 
to an end some- 
where. In places, 
usually at the heads 
of bays, the end is 
in the sea, as the 
end of our glacier 
must have been oft 


22. — The e.ge of a part of the great Greenland ice sheet 
(on the left) resting on the land, over which are strewn 
many boulders brought by the ice and left there when it 
melted. 


the shores of New England. From these sea-ends, icebergs con- 
stantly break off; and, floating away toward the south, often reach, 


23.— A seratched pebble taken from the which it formerly rested. 
ice of the pacmend glacier. Examining this rock it is 
found to be polished, scratched and grooved just like the bed-rock 


in New York; and the scratches extend in the direction from which 
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before they melt, as far as the 
path followed by the steamers 
from the United States *to 
Europe. Between the bays, 
where the glacier ends in the sea, 
the ice front rests on the land 
(Fig. 22), as it did over the 
greater part of New York and 
the States further west. There 
it melts in the summer, supply- 
ing streams with water and fill- 
ing many small ponds and lakes. 
The front stands there year after 
year, sometimes moving a little 
ahead, again melting further 
back so as to reveal the rocks on 
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the ice moves. Resting on the rock are boulders and pebbles 
(Fig. 22), sometimes on the bare rock, sometimes imbedded in 

a clay as they are 
PE ee with us. As” we 
found when study- 
ing the soil in our 
own region, so here 
the pebbles are often 
scratched, and many 
of them are quite 
different from the 
rock on which they 
rest. 


Going nearer to 
24.— A part of the edge of the Greenland glacier, clean the ice we find the 
white ice above, and dark discolored bands below where lower part loaded 
laden with rock fragments. In the foreground ts a with pebbles, boul- 
boulder-strewn moraine. 


ders and bits of clay 
quite like those on the rocks near by. Fig. 23 shows one of these 
scratched and grooved, which I once dug from the ice of this 
very glacier. The bot- 

tom of the ice is like a peyger ENE IS 
huge sandpaper, being 
dragged over the bed 
rock with tremendous 
force. It carries a load 
of rock fragments, and 
as it moves obtains more 


by grinding or prying 


them from the rocks be- 
neath. These all travel 


25.— Hummocky surface of the boulder-strewn 
on toward the edge of moraine of Greenland. 


the ice, being constantly 
ground finer and finer as wheat is ground when it goes through the 
mill. Indeed the resemblance is so close that the clay coming from 
this grinding action is often called rock flour. 
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Dragged to the front of the ice, the rock bits, great and small, 
roll ont as the ice melts, some, especially the finest, being carried 
away in the water, which is always muddy with the rock flour it 
carries ; but much remains near the edge of the ice forming a 
moraime (Figs. 24 and 25). This moraine, dumped at the edge of 
the glacier, very closely resembles the hummocky hills of New York 
(Figs. 26 and 27), mentioned above, which are really moraines 
formed at the ice edge during the glacial period. While their form 
is quite alike, the New York moraines are generally less pebbly than 


26.—A view over the hummocky surface of a part of the moraine of the great 


American ice shect in Central New York. 


the Greenland moraines, because the Greenland glacier carries less 
rock flour than did the glacier which covered New York. 

In the Greenland glacier, as you ean see in Fig. 24, there is much 
dirt and rock ; in the glacier of the glacial period there was even 
more. When it melted away the ice disappeared as water, but the 
rock fragments of course fell down upon the rock beneath and formed 
soil. If over a certain region, as for instance over your home, the ice 
carried a great toad of drift, when this gradually settled down, 
as the ice melted, it formed a deep layer of soil; but if the glacier 
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had only a small load a shallow soil was left. Again, if the ice front 
remained for a long time near a certain place, as near your home, it 
kept bringing and dumping rock fragments to form moraines, which, 
of course, would continue to grow higher so long as the ice dumped 
it, much as a sand pile will continue to grow higher so long as fresh 
loads are brought and dumped. 

There are other causes for difference in the glacial soils, but most 
of them cannot be considered here. One of them is so important, 
however, that it must be mentioned. With the melting of so much 
ice, vast floods of water were caused, and these came from the ice, 
perhaps in places where there are now no streams, or at best small 
ones. These rapid currents carried off much of the rock flour and 
left the coarser and heavier sand, gravel, or pebbles, the latter often 
well rounded, with the scratches removed by the long-continued 
rolling about in the glacial stream bed. 

One ofter finds such beds of sand or gravel in different parts of 
the State, telling not only of ice where it is now absent, but of water 
currents where is now dry land. The rock flour was in some cases 
carried to the sea, elsewhere to lakes, or in still other places deposited 
in the flood-plains of the glacier-fed rivers. Now some of this rock 
flour is dug out to make into bricks. 

Enough has been said to show that the soils of New York were 
brought by a glacier and to point out that there are many differences 
in the thickness of the soil as well as in kind and condition. The 
agriculture of the State is greatly influenced by these differences. 
In some cases one part of a farm has a deep, rich soil, another part 
a barren, sandy, pebbly or boulder-covered soil (Fig. 14), while in 
still another part the bed rock may be so near the surface that it 
does not pay to clear it. Moreover, some farms are in hummocky 
moraines, while others, near by, are on level plains (Fig. 27), where 
a broad glacial stream built up a flood-plain in a place where now 
the stream is so small that it never rises high enough to overflow 
the plain. 

There are even other differences than these, and one who is familiar 
with a region is often puzzled to explain them; but they are all due 


to the glacier or to the water furnished by its inelting, and the care- 
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ful study by a student of the subject of Glacial Geology will serve 
to explain them. Each place has had peculiar conditions and it 
would be necessary to study each place carefully in order to explain 
all the differences much further than has been done here. 

Not only is agriculture influenced greatly by the differences in 
the soil from place to place, but also by the very fact that they are 
glacial soils. In a soil that has been formed by the decay of rock 
some of the materials needed by plants, the plant-foods, have been 
leached out and carried off by the water while the rock was decay- 
ing; but the glacial soils have most of these foods still stored up for 


27.— Hummocky moraine hills in the backyround and a level gravel plain — an 
ancient glacial-stream flood-plain —in foreground. 


use. Here the minerals are simply ground up and not much 
decayed, while in the other case they are badly decayed, the differ- 
ence being something like that between iron filings which are able 
to decay and rust and iron rust which is already decayed. 

Slowly the glacial soils are decaying, and, as they do so, are fur- 
nishing plant-food to the water which the roots greedily draw in- 
So the glacial soil is not a mere storehouse of plant food, but a 
manufactory of it as well, and glacial soils are therefore “strong” 
and last for a long time. That decay is going on, especially near 


the surface, may often be seen in a cut in this kind of soil, where 
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the natural blue color of the soil itself is seen below, while near the 
surface it is rusted yellow by the decay of certain minerals which 
contain iron. 

Few materials on the earth are more important than the soil; it 
acts as the intermediary between man and the earth. The rocks 
have some substance locked up in them which animals need; by 
decay, or by grinding up, the rocks crumble so that plants may 
send roots into them and extract the substances needed by animals. 
Gifted with this wonderful power the plants grow and furnish foods 
to animals, some of them the very plant-foods from the rocks; and 
so the animals of the land, and man himself, obtain a large part of 
their food from the rocks. It is then worth the while to stop fora 
moment and think and study about this, one of the most marvelous 
of the many wonderful adjustments of nature, but so common that 
most people live and die without even giving it more than a passing 


thought. 
PART Il: WHAT ff DORS: 
BY L. A. CLINTON. 


The more one studies the soil the more certainly it will be found 
that the earth has locked up in her bosom many secrets, and that 
these secrets will not be given up for the mere asking. As mys- 
terious as the soil may appear at different times, it always is governed 
by certain laws. These principles once understood, the soil becomes 
an open book from which one may read quickly and accurately. 


Uses of the Soil. 
The soil has certain offices to perform for which it is admirably 
fitted. The most important of these offices are: 


— 


. To hold plants in place. 


bo 


To serve as a source of plant-food. 
3. To act as a reservoir for moisture. 
4. As a storehouse for applied plant-food or fertilizer. 

Some soils are capable of performing all these offices, while others 
are fitted for only a part of them. Thus a soil which may be pure 
sand and almost entirely deficient in the essential elements of plant- 
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food, may serve, if located near a large city, merely to hold the 
plants in position while the skillful gardener feeds the plants with 
specially prepared fertilizers, and by irrigation supplies the moisture. 
Early in the study of soils an excursion, if possible, should be 
made into the woods. Great trees will be found and under the trees 
will be found various shrubs and possibly weeds and grass. It will be 
noticed that the soil is well occupied with growing plants. The sur- 
face will be found covered with a layer several inches thick of leaves 
and twigs. Beneath this covering the soil is dark, moist, full of 
organic matter, locse, easily spaded except as roots or stones may 
interfere, and the soil has every appearance of being fertile. 


Soil Conditions as Found in Many Fields. 


After examining the conditions in the forest, a study should be 
made of the soil in some cultivated field. It will be found that in 
the fields the soil has lost many of the marked characteristics noticed 
in the woodlend. In walking over the fields, the soil will be found 
to be hard and compact. The surface may be covered with grow- 
ing plants, and if the seeds which have been put into the soil by the 
farmer have not germinated and the plants made growth, nature has 
quickly come to the rescue and filled the soil with other plants which 
we commonly call weeds. It is nature’s plan to keep the soil coy- 
ered with growing plants, and from nature we should learn a lesson. 
The field soil, instead of being moist, is dry; instead of being loose 
and friable, is hard and compact, and it appears entirely different in 
texture from the woodland soil. The cause of the difference is not 
hard to discover. In the woods, nature for years has been building 
up the soil. The leaves from the trees fall to the ground and form 
a covering which prevents washing, and these leaves decay and add 
to the humus or vegetable mold of the soil. Roots are constantly 
decaying and these furnish channels through the soil and permit of 
air and water drainage. 

In the field, nature’s lesson has been disregarded and too often 
the whole aim seems to be to remove everything from the soil and 
to make no returns. Consequently the organic matter or humus 
has been used up; the tramping of the horses’ feet has closed the 
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natural drainage canals; after the crop is removed, the soil is left 
naked during the winter and the heavy rains wash and erode the 
surface and remove some of the best plant-food. After a few years 
of such treatment, the farmer wonders why the soil will not pro- 
duce as liberally as it formerly did. 

Experiment No. 1— The fact that there is humus or vegetable 
mold in certain soils can be shown by burning. Weigh a potful of 
hard soil and a potful of lowlands soil or muck, after each has been 
thoroughly dried. Then put the pots on the coals in a coal stove. 
After the soil is thoroughly burned, weigh again. Some of the dif- 
ference in weight may be due to loss of moisture, but if the samples 
were well dried in the beginning, most of the loss will be due to the 
burning of the humus. 


Conditions which Affect Fertility. 


-There are certain conditions which affect soil fertility and of these 
the most important are : 
Texture. 
Moisture-content. 
Plant-food. 
Temperature. 


Texture and its Relation to Fertility. 


By texture is meant the physical condition of the soil. Upon 
good texture, more than upon any other one thing, depends the pro- 
ductivity of the soil. When the texture is right the soil is fine, 
loose and friable ; the roots are able to push through the soil and the 
feeding area is enlarged. Each individual particle is free to give up 
a portion of its plant-food or its film of moisture. The conditions 
which are found in the woods’ soil are almost ideal. 

Experiment No. 2.— The importance of good texture can be well 
shown in the class-room. Pots should be filled with a soil which is 
lumpy and cloddy and other pots with the same kind of material 
after it has been made fine and mellow. Seeds should then be 
planted in the different pots and a careful study made of the length 
of time required for germination and of the health and vigor of the 


plants 
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Experiment No. 3.— The greater part of our farming lands do 
not present the ideal conditions as regards texture. Clay soils are 
especially liable to be in bad condition. If samples of the various 
soils can be collected, as sand, loam, clay, etc., it may be clearly 
shown how different soils respond to the same kind of treatment. 
With a common garden trowel, the soils should be stirred and 
worked while wet and then put away to dry. After drying, the 
conditions presented by the soils should be noted, also the length of 
time required for the soils to become dry. Whereas the sand and 
the loam will remain in fairly good condition when dry, the clay 
will have become “ puddled,” 7. ¢., the particles will have run 
together and made a hard, compact mass. Thus it is found in 
practice that clay soils must be handled with far more care and 
intelligence than is required for the sand and loams, if the texture 
is to be kept perfect. 

Experiment No. 4.— lf, in the experiment above suggested, the 
clay soil is mixed with leaf-mold or humus soil from the woods, it 
will be found to act very differently. The vegetable matter thus 
mixed with the mineral matter prevents the running together of the 
particles of clay. 

Two principles, both important as relating to soil texture, now 
have been illustrated. Soils must not be worked when they are so 
wet that their particles will cohere; the organic matter or humus 
must be kept mixed with the mineral matter of the soil. In 
practical farm operations, if the soil can be made into a mud ball it 
is said to be too wet to work. The required amount of humus is 
retained in the soil by occasionally plowing under some green crop, 
as clover, or by applying barn manures. 

Clay soils are also frequently treated with lime to cause them to 
remain in good condition and be more easily tilled. Lime causes 
the fine particles to flocculate or to become granular, 7. ¢., several 
particles unite to form a larger particle and these combinations are 
more stable and do not so readily puddle or run together. A mud- 
puddle in clay soil will remain murky until the water has evaporated 
entirely. Let a little water-slaked lime be mixed with the muddy 
water and the particles of clay will be flocculated and will settle to 


the bottom and the water becomes clear. 
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Experiment No. 5.— Into two glasses of water put some fine clay 
soil and thoroughly stir the mixture (Fig. 28). Into one glass thus 
prepared put a spoonful of water-slaked lime and stir thoroughly ; 
then allow both glasses to remain quiet that the soil may settle. 
Notice in which glass the water becomes clear first and note the 
appearance of the sediment in each. 


The Moisture in the Soil. 


Ina former leaflet (No. 14) has been given the history of a thunder 
shower. We are not told much about the history of the water after 
it reaches the earth. If we go out immediately after a heavy 
shower we find little streams running alongside the road. These 


il 


28.— The glass of water at the right hus received lime and the clay has been 
Jlocculated. 


little streams unite to make larger streams, until finally the creeks 
and rivers are swollen, and, if the rain was heavy enough, the 
streams may overflow their banks. In all these streams, from the 
smallest to the largest, the water is muddy. Where did this mud 
come from? It was largely washed from the cultivated fields, and 
the finest and best soil is certain to start first on its voyage to the 
valleys or to the sea. If the farmer only had learned better the les- 
son from nature and kept his fields covered with plants, a large part 
of the loss might have been prevented. A rain gauge should be kept 
in every school yard, so that every shower can be measured. It can 
then be determined easily by the pupils how many tons of rain fall 
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upon the school grounds, how much falls upon an acre of land, and 
it will be a matter of surprise that the amount is so great. 

Not all the water which falls during a summer shower is carried 
off by surface drainage, but a considerable part sinks into the soil. 
As it passes down, each soil grain takes up a portion and surrounds 
itself with a little film of water much as does a marble when dipped 
into the water. If the rain continues long enough the soil will 
become saturated and the water which cannot be retained will, under 
influence of gravity, sink down to the lower layers of soil until it 
finally reaches the level of the free water. From this free water, 
at varying depths in the soil, wells and springs are supplied. If the 
soil were to remain long saturated seeds would not germinate, and 
most cultivated plants would not grow because all the air passages 
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29— a. Soil too dry. al condition. c. Soil too wet. 


of the soil are filled with water (Fig. 29). The water which sinks 
down deep into the soil and helps supply our wells is called free 
water. That portion which is held as a film by the soil particles 
(as on a marble) is called capillary water. After the rain is over 
and the sun shines, a part of the moisture which is held by the par- 
ticles near the surface is lost by evaporation. The moisture which 
is below tends to rise to restore the equilibrium, and thus there is 
created a current toward the surface, and finally into the air; and the 
moisture which thus escapes aids in forming the next thunder storm. 

Experiment No. 6.— Humus enables the soil to take up and hold 
large quantities of water. To illustrate this: Two samples of soil 
should be obtained, one a humus or alluvial soil, rich in organic 
matter, and the other a sandy soil. Put the twosamples where they 
will become thoroughly air dry. Procure, say, five pounds each of 
the dry soils, and put into glass tubes over one end of which there 
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is tied a piece of muslin or fine wire gauze. From a graduated 
glass pour water slowly upon each sample until the water begins to 
drain from the bottom of the tube. In this way it can be shown 
which soil has the greater power of holding moisture. Both samples 
should then be set away todry. By weighing the samples each day 
it can be determined which soil has the greater power of retaining 
moisture. This experiment can be conducted not only with sand 
and humus, but with clay, loam, gravel and all other kinds of soil. 

Experiment No. 7— A finely pulverized soil will hold more 
film-moisture than a cloddy soil. To illustrate the importance of 
texture as related to moisture, soil should be secured which is cloddy 
or lumpy. One tube should be filled as heretofore described (Exp. 
No. 6) with the lumpy soil, and the other tube with the fine soil 
which results from pulverizing the lumps, equal weights of soil 
being used in each case. From a graduated glass pour water upon 
each sample until the drainage begins from the bottom. Notice 
which soil possesses greater power of absorbing moisture. Put the 
samples away to dry, and by carefully weighing each day it can be 
determined which soil dries ont most readily. 

The prudent farmer will take measures to prevent the escape of 
this moisture into the air. All the film-moisture (on the soil parti- 
cles) needs to be carefully conserved or saved, for the plants will 
need very large amounts of moisture before they mature, and they 
can draw their supply only from this film-moisture. We can again 
apply the lesson learned in the woods. The soil is there always 
moist ; the leaves form a cover or blanket which prevents the evapo- 
ration of moisture. Underneath an old plank or board the soil will 
be found moist. If we can break the connection between the soil 
and the air we can check the escape of moisture. A layer of straw 
over the soil will serve to prevent the !oss of moisture. But a whole 
field cannot be thus covered. It has been found that by keeping 
the surface soil loose, say about three inches of the top soil, it can 
be made to act as a blanket or covering for the soil underneath. 
While this top layer may become as dry as dust, yet it prevents the 
escape by evaporation of moisture from below. It is a matter of 
common observation that if tracks are made across a freshly culii- 
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vated field the soil will become darker where the tracks are (Fig. 
30). This darker appearance of the soil in the foot-marks is due to 
the moisture which is there rising to the surface. The implement 
of tillage makes the soil loose ‘and breaks the capillary connection 
between the lower layers of soil and the surface and the upward 
passage of the water is checked. Where the foot-print is, the soil 
has been pressed down again at the surface, the particles have been 


30.— ‘‘ Foot-prints on the sands of time,” 


crowded closer together and capillarity is restored to the surface 
and the moisture is free to escape (Fig. 81). In caring for flower- 
beds, or even in growing plants in a pot in the school-room, it 
is important that the surface of the soil be kept loose and mel- 
low. Far better is a garden rake in a flower garden than a water- 
ing pot. 

Experiment No. 8—To show the importance of the surface 
mulch, fill several pots with a sandy loam soil, putting the same 
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31.— A cross section through one of the foot-prints. 


weight of the same kind of soil into each pot. In one pot pack the 
soil firmly; in another pot pack the soil firmly and then make the 
surface loose. These pots of soil may then be put away to dry, and 
by weighing each daily it can be readily determined what effects the 
various methods of treatment will have upon the moisture-holding 
power. 
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Experiment No. 9.— This experiment may be varied by covering 
the soil in some of the pots with leaves or straw or paper, care being 
taken that the added weight of the foreign matter be properly 
accounted for. 

Soil Temperature. 


If a kernel of corn be placed in the ground in early spring before 
the soil has become warm, the seed will not germinate. Abundance 
of moisture and oxygen may be present, but the third requisite for 
germination, proper temperature, is lacking. The soil is very slow 
to become warm in the spring, and this is due to the large amount of 
water which must be evaporated. During the winter and spring 
the rain and melting snow have saturated the soil. The under- 
drainage is deficient and there is no way for the escape of the surplus 


water except by evaporation, and evaporation is a cooling process. 
A well-drained soil is thus warmer. 


32.— The mess-grown lawn or grass plot. 


The atmosphere is much quicker to respond to changes in tem- 
perature than is the soil. In the spring the air is warm while the 
soil continues cold and the rains which fall during this time are 
warmed by passing through the warm air, and in sinking through 
the soil the water parts with some of its heat and the soil is made 
warmer. During mid-summer the soil becomes very warm, and it is 
not affected by cool nights, as is the atmosphere. Consequently a 
summer rain may be several degrees cooler than the soil, and in 
passing through the soil the water takes up some of the heat, and 
the soil conditions are made more favorable for plant growth. 
Therefore, soil temperature is regulated somewhat by the rainfall. 

Experiment No. 10.— The color of a soil also affects its tempera- 
ture, a dark soil being warmer than a light-colored soil. By having 
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thermometers as a part of the school-room equipment, interesting 
experiments can be conducted in determining the effect of color and 
moisture upon the temperature of soils. 


Air in the Soil. 

While that part of the plant which we can see is entirely sur- 
rounded by air, yet it is necessary that the soil be in such a condition 
that it can be penetrated by the air. Indeed, growth cannot begin 
in a soil from which the air is excluded. 

Experiment No. 11.—To prove this, put clay soil in a pot, plant 
seeds and then wet the surface of the soil and puddle or pack the 


33.—The clover roots penetrate the soil deeply. 


clay while wet and watch for the seeds to germinate and grow. At 
the same time put seeds in another pot filled with loose, mellow, 
moist soil. 

Frequently after the farmer has sown his grain there comes a 
heavy, beating rain, and the surface of the soil is so packed that the 
air is excluded and the seeds cannot germinate. If plants are grown 
in pots and the water is supplied at the top of the soil it may 
become so hard and compact as to exclude the air and the plants 
will make a sickly growth. The surface soil must be kept loose 


that the air can penetrate. 
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On many lawns it is noticed that the grass is not thriving. It has 
a sickly appearance and even the application of fertilizer does not 
seem to remedy the conditions. Perhaps the ground has become so 
hard the air cannot penetrate and the grass is being smothered. If 
the surface of the soil can be loosened with a garden rake and clover 
seed sown, much good may be accomplished. The clover is a tap- 
rooted plant, and sends it main root deep into the soil. 
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34.—After the clover dies the soil is in better condition for its having lived. 


After the death of the plant the root decays, the nitrogen which’= 
is stored up can be used as food by the other plants, and most use- 
ful of all, in such cases, the decay of the tap-root of the clover 
makes a passage deep into the soil and thus allows the air to enter. 


Consult Figs. 32-34. 
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STEALING A RIDE. 
PART I. SIR BUR, TRAMP AND TRAVELER. 
BY MARGARET BOYNTON. 


“ Chick-a-dee-dee-dee-dee-dee ” sounded from the hedge. Icaught 
the motion of the little feathered food-gatherers, but could not see 
a single black-capped head. 

“‘ Chick-a-dee-dee-dee-dee-dee. Come play with me-me-me-me- 
me.” With such an invitation how could I help going out into 
that brilliant, blue and golden mid-winter day? Against the clear- 
est of skies each tiny bud-tipped maple twig glowed ruddily. The 
mountain ash berries still hung in bright clusters, crowned with light 
pyramids of fluffy snow. The deserted nests in the orchard recalled 
the busy householders of the warmer, leafier seasons, and a few 
withered apples offered scanty nourishment to solitary wayfarers. 
Under my feet the snow spread a creaking carpet, and all about me 
it afforded a background of diamonds for the devious patterns of 
the shriveled weeds showing clear and fantastic against it. What 
a joyous day for the chick-a-dees and me! 

Presently, attracted by the regiment of teasels there encamped, I 
turned aside into a small common, a vacant lot well within the bor- 
ders of our small city, and I tramped it over rejoicing in the short 
skirt and leggins that permitted unhampered wading in the snow. 
There were many things to be seen in that little area. Bitter-sweet 
berries draped the fence. Ragged miniature umbrella skeletons 
recalled the filmy, white parasols of the wild carrot in its summer 
guise. ‘ Devil’s pitchforks” and bristling burdocks plucked at my 
skirt in passing, and a few hoary aster heads still lingered amid the 
star-tipped stems whence most of the feathery parachutes had 
flown. A kindly farmer caught me shaking the teasel heads and 
ealled cheerily, “I guess you’ve got a kind of a putterin’ job there, 
ain’t ye?” and charitably took me into his bob-sleigh for the short 
half mile back to my corner; but he was not a nature-student and 
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did not know what fun I had been having. Nor could he know 
that the handful of brown and withered stuff that formed the trophy 
of my half-hours’ trip would offer me a juicy cud to chew. 
Prominent in my winter bouquet were several sprigs of burdock 
with rigid stems and bristling burs (Fig. 35). If you, too, want to 


30.— Burs cf the bur- 
dock. One-third 
natural size. 


penetrated your skin as you press the bur lightly between your 
ngers! The slender shanks of the hooks yield readily 
to pressure only to gain more tenacious hold. In disen. 
tangling one you are caught by five. The stems all stand 
stiff and rigid, holding the burs unyieldingly in your way 
and adding to the advantage of the flexible hooks. Your 
clothing brushes a bur ever so lightly, the fibers at the 


hear the story Sir Bur will tell under ques- 
tioning you can probably find the material in 
plenty on the nearest waste land or in a fence 
corner, or by the roadside. 

You, as well as I, in all likelihood, made 
bur baskets and furniture, and even people 
richly garbed in green and purple, all your 
childhood days; yet did you ever stop to 
think how the burs stick so pertinaciously ? 
Why they should? And what they do for 
the plant? No, even the tormenting little 
boy from across the road who made use of 
their valuable properties in ornamenting your 
long hair with bunches of burs probably could 
not have told you why they were so effective. 

Notice first, then, the numerous tiny hooks 
bristling in every direction (Fig. 36). How 
abrupt is the curve of each hook, how smooth 
and polished the outer surface! It will push 
readily between the finest and closest fibers. 
How sharp is the ineurved point! See, it has 


base break readily and away. your bur travels; and not 36,—B,yr- 
singly usually, for note how the branches have so grown, dock 


the lower ones lengthening, that the burs are practically 


hook. 


clustered by twos and threes and fours, with hooks interlacing, 
and they go together. So, clinging with a score or two of little 
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hands to the hair of some passing animal or the clothing of a human 
tramp, Sir Bur steals many a long ride, often relaxing his hold 
only by going to pieces. The tail of the 

old cow carries them over the fields (Fig. 37). (i 


This, then, is how he travels, but why ? 
What good does the journey secure for the 
plant ? E 

Tear a bur apart and find within, among 
the short twisted bristles, hard little brown- 
ish-gray bodies, almost like miniature Brazil 
nuts (Fig. 
38), that are 
—what? If 
you have not 


38.— The bur 
dock akene. 
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thought you ZICH 
will say 

seeds, for 
2h Hob 37.— Burs stealing a ride 

like seeds. 

But are all seed-like bodies properly so called? Where do these 
little fellows come from ? 

If you have studied the flower in general, you will remember that 
its important parts in view of its office of reproduction are the stamens 
which produce the pollen and the piste with its ovary or seed-case. 
Within the ovary grow the small bodies which develop into the 
seeds. Further, the ripened ovary with whatever parts may con- 
solidate with it in development, and with the matured seeds con- 
tained, is called the fruit. That is to say, we name things in natu- 
ral history not alone from appearance and function or office, but 
according to their origin and development. 

What then have we in the bur, seeds or fruits ? 

You would not think of calling a pea pod a seed would you? 
You know if you stop to consider that each pea is a seed, and the 
pod with its peas is the fruit, because developed from the miniature 
pod in the blossom which was the ovary, and contained the ovules 
or young seeds. Similarly you easily distinguish morning glory 
seeds from its fruits, the nasturtium seeds from the fruits. In all 

455 


64 


these cases and in hundreds of others the fruit is a pod and opens 
at maturity to let the seeds escape, but there are also hundreds of 
kinds of plants in which the ovary ripens with a single seed inside 
of it and does not open at maturity. In this case the fruit is usually 
but little larger than the contained seed and often looks like a seed 
itself. However that be, a single-seeded dry fruit that does not open 
at maturity is called an akene. Akenes are what we find in the bur. 

How do I know? How ean yow tell in other cases? Unfamiliar 
akenes found away from the parent plant might not be so easily 
detected, for the single seed within is not always readily found free 
from the ovary walls, but it can usually be identified by its relation 
to the plant. You remember that the seed is borne within the 
ovary. ‘The pea pod and the morning glory and nasturtium pods 
you know were closed up tight to the time of maturity. But this 
bur never was nor could have been closed, evidently. In all prob- 
ability then it is not an ovary. What then? The purple colors of 
our young bur were borne, we remember, at the top of each bur. 
These blossom-tops, we can think out now, were masses of pinky- 
purple flowers, each bur containing many small flowers. The whole 
is called a compound flower. Each of the little brown wrinkled 
fruits within the bur is an akene, the fruit of a single flower. Per- 
haps we shall find crowning some of the akenes the withered 
remains of the flowers. The tiny blossom was one of several that 
grow inside the big bur; and each little blossom makes, or tries to 
make, an akene. 

Of course the seed within the akene germinates and produces a 
new plant just as any other seed does. Because of Sir Bur’s adroit- 
ness at stealing rides, the new little burdock plant usually finds its 
chance at greater or less distances from its parent plant, and reaps 
much the same advantage as any pioneer. In favorable circum- 
stances it finds freedom from the competition of its kind, that is, it 
does not have to struggle with its fellows for the same food-stuffs, 
the same conditions of growth and health. It has room. 

Indeed, it is because of his travelling powers that Sir Bur is here 
at all, for his race originated in Europe. He was not in New Eng- 


land to greet the pilgrims, as they left Plymouth Rock, nor in the 
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south to weleome the Virginian settlers. His earliest immigrant 
ancestors possibly came in the Mayflower, but more probably took 
stowaway passage some time later in the tail of some dog or sheep 
brought from across the sea. However he came, he is here, 
numerous and widespread_as you know him, and he is still travelling, 
the veriest tramp of the roadside, stealing rides and pressing ever 
onward toward the west, following the trail of man and his domesti- 
cated animals. 


PART II. THE RED COW AND THE MAPLE TREE. 
BY JOHN W. SPENCER. 


The day was so warm as to suggest an oven. The rays of the sun 
came the most direct way —as a boy would make a bee-line cross- 
lots. A blue haze hung about the heavens, dimming the sun at 
midday and at sunrise and at sunset, making it look like an immense 
- orange, and the heated air shimmered across the level pasture. It 
was one of those days that warps the slivers in the plank walk and 
makes prickly the path of the barefooted boy —a day when most 
boys want to go to the swimming hole at the bend of the creek under 
the leaning beech. 

On a gravelly knoll a slick red cow stood in the dark thick shade 
of a maple tree. A colony of persistent flies was clinging to her 
shoulder and scattering ones flew about her ears, and others would 
have found a resting place on her hips and back but for the incessant 
switching of her tail. With all the persistent switching, the cow, 
with half closed eyes, chewed her cud with the regularity of the 
swinging of a pendulum. 

Said the Red Cow to the Maple Tree, “ You have no troubles 
such as [ have. See how I am pestered with flies every hour of the 
day. Flies do not trouble you.” 

Said the Maple Tree to the Red Cow, “It is fortunate they do 
not for I have no tail with which to switch them.” 

Said the Red Cow to the Maple Tree, “Iam very thirsty and I 
shall not find a refreshing drink until, while on my way to the barn 


to be milked this evening, I shall wade through the brook.” 
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Said the Maple Tree to the Red Cow, “ You complain because 
you have to walk for a drink of water. Is that not better than to 
long for it and be obliged to wait until it comes to you from the 
clouds? Alt of us plant-fellows in this neighborhood need water 
badly, and some whose roots do not extend deep into the soil have 
suffered unto death. It is for this reason that the grass has famished 
and you no longer find a nearby lunch as you found it earlier in the 
season. I would, indeed, consider it a privilege to travel all day, if 
I could then have a refresh- 
ing drink. But alas! when 
I made this spot my home, 
it was to be the only place I 
should ever live during all 
my life. Food is as difficult 
for me to obtain as water. 
In the earlier part of the 
season when rains were 
more plentiful, you found a 


daily lunch within a stone’s 
throw of this spot; but now 39.— The red cow. 

when there is nothing here 

to your liking, you are able to wander to any part of the pasture in 
search of the best food. I must content myself with what I can 
find in this one spot. When a drought comes, like the present one, 
and there is not enough moisture to satisfy my thirst, nor to float 
sufficient plant-food to my roots, I must endure a double suffering 
— thirst and hunger. In the cold weather you can seek the warm 
and sunny side of a straw stack, while I must stand out here on this 
bleak and unprotected knoll with the winds of winter whistling 
through my bending limbs.” 

“T should not complain,” continued the Maple Tree, “ for Nature 
is kind to us all, and we can see her kindness if we look for it in the 
right way. She has provided blessings for us all, but not of the 
same kind or in the same way. She has planned that plants never 
move their homes; that where they make a start in life, there they 


must remain. She affords all plants great opportunities, how- 
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ever, for sending their children abroad in large numbers and 
gives them means for traveling long distances. In this way many 
are sure to find congenial 
places for a life of prosperity. 
I have no fear that maples will 
ever become extinct. Some 
years I send out so many chil- 
dren that if one in every thou- 
sand becomes a tree, my family 
will be a large one. 

“‘Do you see the big thistle 
in yonder fence corner? The 
children are now mature and 
reddy to travel miles and miles 
in a balloon, and will settle 
down into some quiet nook 
and become plants. The 
farmer, who calls them weeds, 
has been fighting them for a 
lifetime; but, although he is 
able to keep them from mak- 


40.—The maple tree. 


ing serious encroachments upon his crops, the thistle will always be 
with him. It is abundantly able to take-care of itself. Were it not 
for the sharp needles on the leaf, a red cow might have swallowed 
them long ago. 

“See those dark clouds forming in the west — wool sacks they 
are called. Hark! Did I hear thunder? If a red cow fears being 
struck by lightning, she had better hasten to the bars at the end of 
the pasture and call to be put into the barn. I hope we shall have 
a shower. If even some crumbs from it should fall this way, it 


would be a comfort to me.” 
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A BULB GARDEN, 


“It’s rather dark in the earth to-day.” 
Said one little bulb to his brother; 

“ But I thought that I felt a sunbeam ray — 
We must strive and grow till we find the way!” 
And they nestled close to each other. 

Then they struggled and toiled by day and by 
night, 
Till two little snowdrops in green and white, 
Rose out of the darkness and into the light, 
And softly kissed one another. 
— Boston Journal. 


PART I) cA TALK“ BY UNCLE JOHN: 
BY JOHN W. SPENCER. 


To succeed with the cultivation of flowers, the first thing to have 
in mind is to make the plant comfortable. This condition should 
be not only the first thought, but also the last thought. If you can 
do this successfully, the plant will do the rest of the work and your 


results will be abundant. 
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What plant comfort is, is a question more easily suggested than 
answered, for it is a very large subject — about as large as the sur- 
face of the earth. As a guess we will say that there are as many 
different kinds of plants as there are people. It is at least safe to 
say that plants have as many different notions as to their conditions 
of life as have the people of the different nations and tribes of the 
world. 

If you were to have a birthday party and should invite as your 
guests the children from the four quarters of the earth, and by 
magic could bring them to you in a 
jiffy, the boys and girls from Green- 
land would come enfolded in seal- 
skin, and those from Hawaii would 
bring only their bathing suits. You 
would have a busy time keeping 
them comfortable, for when you 
opened the door to cool off the little 
Greenlanders, the little Kanakas 
would complain of too much draft ; 
and at table the former would ask if 
you happened to have some tallow 
candles for desert, and the latter 
would ask for breadfruit and ban- 
anas. 

Many of our flowering plants have 
been brought together from such re- 
mote quarters as that. We have 
bulbs from Holland, and pansies from England, and phlox from the 
dry atmosphere of Texas. 

There is as much difference in the conditions necessary for com- 
fort in these different plants as there is in the requirements of the 
little Eskimos and little Polynesians. To some some extent, plants 
can change their manner of living, but in the main they are happi- 
est when they can have their own way, just as you and I are. 

We cannot bring about the foggy, damp weather of Holland and 
England when we want it, neither can we bring the dry atmosphere 

461 


70 


of Texas—air so dry that meat will cure hard in the hottest 
weather without tainting. It so happens, however, that from one 
Fourth of July to the next we have many kinds of weather, and if 
one could not find conditions suited to almost any kind of plant it 
would be strange. If we cannot make the weather accommodate 
itself to the best comfort of the plants, we must set the plants so as 
to accommodate itself to the weather. 

Pansies from foggy England and bulbs from the low lands of 
Holland should be planted to bloom in the cool days of spring, and 
the phlox from Texas will be quite happy in the heat and drought 
of July and August. 

With this idea well fixed in your mind, you will easily see that 
when you know the country from which a plant has come, a knowl- 
edge of the physical geography of that country will be helpful in 
knowing how to make the plant happy and prosperous. 

We must also make the plant comfortable in the soil. There is 
great difference in what plants require to make them comfortable. 
Some, like thistles or mullein or ragweed, will thrive on almost any 
soil and are no more exacting as to food than a goat or a mule; but 
other plants are as notional as children reared in the lap of luxury. 

As a rule, flowering plants belong to the lap-of-luxury class. 
Elsewhere in this number you are told how nature has developed 
soil. [hope you will read the article carefully, for there you will 
understand that all earth is not soil. Soli covers the land as thin 
skin covers an apple or as you would spread a thin coat of butter 
over bread, and it holds more or less plant-food. 

When men erect school buildings and afterwards grade the ground 
they usually turn a part of the soil upside down. There is also con- 
siderable rubbish of the builders left scattered about, such as brick- 
bats, chips of stone, and the like, that go to make the place an 
uncomfortable one for notional plants. For this reason I wish par- 
ticularly to call your attention to the manner in which you should 
prepare the ground on which you intend to plant. The first thing 
to do is to spade the soil very thoroughly to the depth of at least 
ten inches. All stones as large as a big boy’s fist should be thrown 
out, and all lumps given a bat with the back of the spade to make 
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all the particles fine. This is to be a flower bed and should be soft 
like your own bed. It would be better to make it up more than 
once. After the first spading it would be well to cover the bed with 
a coat of stable fertilizer to a depth of six to eight inches, which 
will give additional plant-food ; and in spading the second time, this 
fertilizer will become thoroughly mixed with the soil. The surface 
should next be raked smooth, and your flower bed will then be ready 
for planting. 

We all admire the bright bulb flowers that are among the first to 
blossom in the spring. These mostly come from Holland, or at 
least attain their perfection there. We have just spoken of the 
importance of planting flowers at such a time that they may live 
their career when our climate is most like that from which they 
come. In the case of bulbs, spring and early summer is the most 
favorable time for them in this country, and fall is the proper time 
for planting. 

The exact time in the fall to plant, how to plant, what bulbs to 
plant, when to put a winter overcoat on the bed, and other details, 
we will leave for Mr. Hunn to tell. He has had many years experi- 
ence in the management of flowers, and we advise you to read care- 
fully what he says. 


PART II. A TALK BY THE GARDENER. 
BY ©. E. HUNN. 


Your Uncle John has told you something about preparing a bed 
for your plants. His advice is very good; but the bulbs we are to 
talk about are like those notional children whom he mentions and 
they do not want tallow candles for any part of their meal. 

What I mean is that bulbs do not want to come in direct contact 
with the stable fertilizer, but they want it down below them where 
the feeding roots that grow out of the bulb may nibble at it when 
the bulb is hard at work developing the leaves and flower. You 
know that all the leaves and the flowers were made the year before, 
and the bulb simply holds them until the new roots have formed. 
No kind of treatment will make a bulb produce more flowers than 
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were formed in the year it grew (last year); but the better the 
treatment, the larger and finer the flowers will be. 

If I wanted to make a bulb bed, I should choose, if possible, a 
sandy soil and throw out the top soil to the depth of six inches. 
Then I should put into the bottom of the bed about two inches of 
well-rotted manure and spade it into the soil. Then I should throw 
back half of the top soil, level it off nicely, set the bulbs firmly on 
this bed and then cover them with the balance of the soil; in this 
way you will have the bulbs from three to four inches below the 
surface. It is dark down there and in the fall months the top of 
the ground is cooler than at the depth of five or six inches and the 
top of the bulb will not want to grow, while the bottom which is 
always in a hurry will send out roots, to push out the leaves and 
flowers the next spring. 

When the weather is cold enough to freeze a hard crust on the soil, 
the bed should have its winter overcoat. This may be straw, hay, 
cornstalks or leaves spread over the bed to the depth of six inches 
if the material is coarse ; but 1f you use leaves, three inches will be 
enough, because the leaves lay close together and may smother out 
the frost that is in the ground and let the bulbs start. What we 
want is to keep them asleep until spring, because if they start too 
early the hard freezes of March and early April will spoil their 
beauty if the leaves or flowers are near or above the surface. Early 
in April the covering may be removed gradually and should all be 
off the beds before the leaves show above the ground. 

Perhaps many of you cannot find a sandy place for your beds; if 
not, make your beds as has been told you, leaving the stones in the 
bottom of the bed for drainage. Then, when you are ready to set 
the bulb place a large handful of sand where your bulb is to go and 
set your bulb on it; this will keep the water from standing around the 
bulb. Very fine results may be had on heavy soil by this method. 

What kind of bulbs shall we put into these beds? Select hyacinths, 
tulips or narcissus or daffodils, with snowdrops or crocuses of various 
colors around the edge. 

If you use hyacinths you can have the national colors, red, white 
and blue, or many. shades of either color, as shown in the diagrams 
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(Figs. 42). Of tulips you can have stars or ribbons of yellow, white 
or crimson, or in fact almost any color except true blue. In nar- 
cissus, yellow, sulfur and white are the colors. The little crocuses 
come in yellow, blue, white and striped colors, and are in bloom and 
gone before the large flowers take your attention. Many other 
bulbs are fine for spring flowering, but as most of them are more 
difficult to grow and many of them rather expensive, I do not think 
we will discuss them now. 

Suppose we want a bed of red, white and blue hyacinths (Figs. 
42), and make it six feet in diameter. How many bulbs would you 
want? Now, hyacinths should be planted six inches apart each 
way, and the outside row should be at least three inches from the 


42.— Simple designs for bulb beds. 


edge of the bed. You see you will want a little over one hundred 
bulbs, which if one person had to buy would cost him or her quite 
a little; but if fifty or more boys and girls would club together it 
would be easy for everyone, especially if, after making out a list of 
all the bulbs you want, you were to write to one of the dealers in 
bulbs telling him what you want, and how you expect to enjoy 
the flowers, asking him to let you have them as cheaply as pos- 
sible. You will find that he will be glad you are interested in 
bulb growing, and be surprised how cheaply he will let you have 
them. 

If you want a bed of tulips, they should be planted four or five 
inches apart instead of six inches, so you will need more bulbs; but 
they are cheaper than hyacinths. The narcissus bulbs being still 
smaller than tulips, may be planted three inches apart; and the lit. 
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tle crocuses, the first flower of spring, should touch one another, as 
should also the snowdrops. 

Perhaps many of you do not wish to wait until spring for your 
bulbs to flower, in which case we must try to persuade them to 
bloom through the winter, say at Christmas. Nearly all bulbs are 
good natured and may be coaxed to do things that nature never 
asks them to do; so if we go at it right we will find it very easy to 
make them think their time to bloom has come, even if the ground 
is covered with snow and the ice is thick on the ponds. Hyacinths, 
narcissus and crocus all can be made to flower in the winter by start- 
ing this way. Get the bulbs so as to be able to pot them by the 
middle or last of October, or if earlier all the better. The soil 
should be rich, sandy loam if possible; if not, the best you can get, 
to which add about one-fourth the bulk of sand and mix thoroughly. 
If ordinary flower pots are to be used, put in the bottom a few 
pieces of broken pots, charcoal or small stones for drainage, then fill 
the pot with dirt so that when the bulbs are set on the dirt the top 
of the bulb is even with the rim of the pot. Fill around it with 
soil, leaving just the tip of the bulb showing above the dirt. If the 
soil is heavy a good plan is to sprinkle a small handful of sand 
under the bulb to carry off the water, the same as is done in the 
beds ontdoors. If you do not have pots you may use boxes. Starch 
boxes are a good size to use as they are not heavy to handle, and I 
have seen excellent flowers on bulbs planted in old tomato cans. If 
boxes or cans are used, care must be taken to have holes in the bot- 
toms to let the water run out. A large size hyacinth bulb will do 
well in a five-inch pot. The same size pot will do for three or four 
narcissuses or eight to twelve crocuses. 

After the bulbs are planted in the pots or other receptacles they 
should be placed in a cool place, either in a cold pit or cellar or on 
the shady side of a building, or, better yet, plunged or buried up to 
the rim of the pot in a shady border. This is done to force the 
roots to grow while the top stands still; as only the bulbs with good 
roots will give good flowers. When the weather gets cold enough 
so a crust is frozen on the soil, the pots should be covered with a 
little straw, and as the weather gets colder more straw must be used, 
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In from six to eight weeks after planting the bulbs, they should have 
made roots enough to grow the plant, and they may be taken up 
and placed in a cool room for a week or so, after which, if they 
have started into growth, they may be taken into a warmer room 
where they can have plenty of light. They will grow very rapidly 
now and will want lots of water, and after the flowers begin to show, 
the pots may stand in a saucer of water all the time. When just 
coming into bloom the plants may 
have full sunlight part of the 
time to help bring out the color 
of the flowers. Fig. 48 shows a 
pot of tulips. 

I want to tell you of two bulbs 
that do not need so much fussing 
to get them to bloom for Christ- 
mas. One of them is called 
freesia (Fig. 44) and if I could 
have but one kind of bulb to 
flower in the winter, I would 
choose this. The little bulbs are 


not half as large as crocus bulbs 
and you will be astonished at the 


X ite ste : 
43.— Pot of tulips. 


large leaves and flowers such a 
bulb can produce. The bulbs are about the cheapest of all winter 
bulbs and they grow without putting them away to make roots, as 
the tops do not seem as impatient to start as most other bulbs, but 
wait until there are plenty of roots to help it along. The flowers 
are borne on a slender stem and look very graceful, either on the 
plant or in bouquets. They are also very fragrant and a pot with 
five or six bulbs will perfume a large room. All they need is good 
light soil, sunlight, water and warmth to make glad the heart of 
anyone who plants them. 

The other bulb I would select is the Oriental narcissus or Chinese 
Sacred lily. This grows in water without any soil whatever. Just 
take a bowl or glass dish about three times the size of the bulb ; put 
some pretty stones in the bottom; set in the bulb and build up 

467 


76 


around it with stones so as to hold it stiff when the leaves have 
grown; tuck two or three small pieces of charcoal among the stones 
to keep the water sweet, then fill up the dish with water and add a 
little every few days, as it evaporates. Set the dish in a warm, 


44.— Pot of the freesia. 


light place. In about six weeks the fragrant, fine white flowers will 
fill the room with perfume and you will have had the pleasure of 
watching the roots start and grow, the top throw up long green 
leaves and the flower spikes develop and open their flowers. Hya- 
cinths may also be grown in water, but not as easily as this narcissus, 


or in such inexpensive dishes. 
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The picture (Fig. 45) of a bulb box was taken last winter from a 
box of mixed bulbs grown at Cornell. The calla in the center and the 
Kenilworth ivy trailing over the front of the box were planted in 
the box in September, and pots of geraniumsand other plants set on 
the dirt to fill the space. When the bulbs that were in pots were 
ready to be started they were taken out of the pots and set in the 
dirt in the box where they grew and flowered; the tall stems are 


45.— Winter box of bulbs. 


Paper White narcissus, the last variety for winter. On each side 
there is a hyacinth just starting and in front a little freesia in 
bloom. When these bulbs were done flowering, small pots of 
blooming plants were set on the box and a charming window box 


was had with many different things in it through the winter. 
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CLUB NOTES. 


We must have a yell for the Junior Naturalist Clubs. What 
shall it be? We shall be very glad if each of you send us some- 
thing for that purpose, and we will make a selection. Let it be 
something the girls can yell as well as the boys. 


* 
x % 

The new school year brings a change of teachers to our Junior 
Naturalist Clubs of last spring. Our plan is to have clubs that 
organized last spring retain their charters and reorganize under the 
new teacher. Some of the former members may drop out, but we 
hope new members will take their places. 


* 
x % 

Our club buttons are now ready for distribution and will be sent 
to each of our old members as soon as their clubs reorganize under 
their new teachers, and to members of our new clubs as soon as they 
show an interest by paying the fortnightly dues. 

* 
x x 

Whenever your Uncle meets in public a boy or girl wearing a 
Junior Naturalist Club button, he will speak to the wearer without 
any formality ; and he thinks it a good plan if members will do the 
same thing. Let us feel that we belong to the same fraternity and 
all have the same interest in nature, and we will be friends to each 
other. He wishes to encourage a feeling of friendship among mem- 
bers of different clubs. When convenient, it will bring good resalts 
for one club to visit another, and the host club can show the guest 
club what it is duing in the study of nature. 


* 

Your Uncle is always glad to receive your photographs either in 
groups or singly. He has a number on hand now and will welcome 
more. Next to meeting you boys and girls is the sight of your 
shadows, for that is what a photograph means. 

* 
mead 
Your Uncle wishes to speak to you about the letters he receives 


from his friends, the Junior Naturalists. At one time last spring 
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the number was about two hundred each day. Every one of these 
was read. The ones written as payment of club dues were sorted 
out and given to a department where the letters, after a close read- 
ing, were passed to the credit of the writer. Those of a personal 
nature or asking information concerning some nature-study topic 
were handed to your Uncle for his perusal, and for his answer, 
so far as he could. Do not think that any of your letters are 
thrown away without being read. 


% 
x 


Your Uncle is anxious that each of you boys and girls shall 
receive his personal attention. With such a large number of letters 
you must be thoughtful and helpful, and he asks you to send your 
letters and drawings, that go as dues, in one envelope under the 
direction of the secretary of your club, and be addressed BurEau 
or Naturr-Stupy, Cornevt University, Irnaca, N. Y. He hopes 
that you will feel like writing him freely, and in your natural way, 
all about your difficulties in your investigations as naturalists, and 
he wishes you to tell him of some of the bright things that come 
into your lives, and some of the shadows, too, if there are any such. 
All such should be addressed to Jno. W. Spencer, Depury Cuter, 
Bureau or Narure-Srupy, Cornett University, Iruaca, N.Y. 


“A 
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HOME NATURE-STUDY COURSE. 


BY MARY ROGERS MILLER. 


This work is to be continued through the year and new students 
are welcome at any time. It is designed for teachers and others 
who have had little opportunity to study nature, yet wish to prepare 
themselves to teach children to know nature. 

For the present the material for the Home Nature-study course 
will consist of various publications of the Nature-study Bureau and 
Farmers’ Reading-Course, together with the quiz. If the work is 
taken up with enthusiasm and the quizzes are returned regularly, it 
is probable that special Home Nature-study publications will be 
issued. When the interest warrants a separate series of publications 
for use in this department, they will be forthcoming. 

Just a word with you about the Home Nature-study. It is not 
primarily a reading course. The pamphlets sent you are full of 
suggestions for you to follow, experiments for you to perform, work 
for you to do. Unless you actually do these things, you fail to 
make the experiences your own, you take statements on authority, 
and miss the point of the whole course. Reading what others have 
observed about nature, lacks the freshness and freedom of original 
investigation. Without the element of discovery and personal con- 
tact, nature-study deteriorates into lesson-getting. Seeing nature 
with other people’s eyes, reading their thoughts about her ways, is 
most delightful, after one has seen and thought for one’s self. 

For example, scientists tell us that a certain brown and black but- 
terfly with a long name migrates southward to spend the winter. 
We read the words, and straightway forget the fact. “ What if it 
does,” we say. But let us some day in fall, see the air and the trees 
full of red butterflies fluttering so bravely yet so silently, thousands 
and thousands winging their way toward the sunny southland, and 
we care. When we see, straggling back again in spring the surviv- 
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ors of these hordes, their wings all rags and tatters, their beauty 
gone with their youths, again we are impressed. We marvel at 
their instinct and their fortitude. There is a wide difference between 
knowing a thing and hearing about it! 

It is expected that students in this course will see nature from a 
new point of view, and study with a new spirit. 

Every question in the quiz will be for the purpose of bringing out 
some facts in the student’s own experience. Reports should be sent 
in within eight weeks after the receipt of the lesson. 

Lesson No. 3 will be on “The Soil,” and will be sent to all appli- 
cants. Suggestions and questions are always welcome. 

L. H. BAILEY, Chief, 
JOHN W. SPENCER, Deputy Chief, 
Of Bureau of Nature-Study and Farmers’ Reading- Course. 
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TEACHER’S LEAFLET No. 16. 


CUTTINGS AND CUTTINGS. 


BY L. H. BAILEY. 


ERHAPS no subject connected with the growing 
of plants awakens so much popular wonder and 
inquiry as their propagation by means of cut- 
tings and grafts. We assume that propagation 
by means of seeds is the natural way, and there 
fore do not wonder, notwithstanding it is won- 


derful. Weassume that propagation by cuttings 
is wholly unnatural, and therefore never cease 
to wonder, notwithstanding that is less wonderful than the other. 
To common minds, common things are not wonderful. Mere com- 
monplace familiarity takes away the charm, for such minds have no 
desire of inquiry. The well-trained mind goes beneath the surface, 
and wonders at everything ; and this wonder, grown old and wise, 
is the spirit of science. 

A plant does not have a definite number of parts, as an animal 
does. It may have ten branches or fifty. Each of these branches 
may do what every other branch does— produce leaves, flowers, 
fruits, seeds. It is not so with the higher animals, for in them each 
part may do something which some other part cannot do; if the 
part is a leg, it runs; if an ear, it hears. Each part serves the whole 
animal ; and it cannot reproduce theanimal. But in the plant, each 
branch lives for itself; it grows on the parent stock; or, if it is 
removed, it may grow in the soil. And if it grow in the soil, it is 
relieved of competition with other branches and grows bigger; it 
makes what we call a plant. 

Having thus bewildered my reader, I may say that a bit of a plant 
stuck into the ground stands a chance of growing; and this bit is a 
cutting. Plants have preferences, however, as to the kind of a bit 
which shall be used, but there is no way of telling what this prefer- 
ence is except by trying. In some instances this preference has not 
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been discovered, and we say that the plant cannot be propagated by 


cuttings. 


46.— Geranium cutting. One-half natu- 
ral size. 


Most plants prefer that the cutting be made of the soft 


or growing wood, of which the 
“slips” of geraniums and coleus 
Others grow 
equally well from cuttings of the 


are examples. 


hard or mature wood, as currants 
and grapes; and in some instances 
this mature wood may be of roots, 
as in the blackberry. Somewhat 
different principles underlie the 
handling of these two kinds of eut- 
tings ; and these principles we may 
We shall find it 
excellent practice to set the pupils 
to make cuttings now and then. 
If we can do nothing more, we 


now consider. 


can make cuttings of potatoes, as the farmer does, and we can plant 


them in a box in the window. 


Tun Sorrwoop Curtina. 

The softwood cutting is made from tissue 
which is still growing, or at least from that 
It must not be allowed 
Therefore, it must be protected from 


which is not dormant. 
to wilt. 


direct sunlight and dry air until it is well estab- 
lished ; and if it has many leaves, some of them 
should be removed or at least cut in two in 
order to reduce the evaporating surface. Keep 
the soil uniformly moist ; and avoid soils which 
contain much decaying organic matter, for 
these soils are breeding places of fungi which 


attack the soft cutting and cause it to “ damp off.” 


47. — Carnation cut- 
ting. Natural size. 


For most plants, the proper age or maturity of wood for the 
making of cuttings may be determined by giving the twig a quick 
bend ; if it snaps and hangs by the bark, it is in proper condition ; 
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if it bends without breaking it is too young and soft or too old; if 
it splinters, it is too old and woody. 

The tips of strong upright shoots usually make the best cuttings. 
Preferably each cut- 
ting should have a 
joint or node near its 
base; and if the inter- 
nodes are short, it may 
comprise two or three 
joints. Allow one to 
three leaves to remain 
at the top. If these 
leaves are large, cut 
them in two. 

Insert the cutting 
48.— Rose cutting. More than one-half natural half or more its length 

ae in clean sand or gravel. 

Press the earth firmly 

about it. Throw a newspaper over the bed to exclude the light — 
if the sun strikes it—and to prevent too rapid evaporation. See 


that the soil is moist clear through, not on top only. 


49,— Cutting-bed, showing carnations and roses. 


Mason’s sand is good earth in which to start cuttings. Or fine 
gravel — sifted of most of its earthy matter — may be used. If the 
cuttings are to be grown in a window, put three or four inches of 


the earth in a shallow box or apan. A soap box cut in two length- 
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wise, so that it makes a box four or five inches deep —like a 
gardener’s flat —is excellent. 

If the box does not receive direct sunlight, it may be covered with 
a pane of glass to prevent evaporation ; and then the children may 
see the plants more readily. But take care that the air is not kept 
too close, else the damping-off fungi may attack the cuttings and 
they will rot at the surface of the ground. See that the pane is 
raised a little at one end to afford ventilation ; and if water collects 
in drops on the under side of the glass, remove the pane for a time. 
Cuttings of common plants, 
as geranium, coleus, fuchsia, 
carnations, should be kept 
in a living-room tempera- 
ture. 

The pictures are better 
than words. The line across 
them shows where the soil 
comes. There are softwood 
SpE OS cuttings of geranium (Fig. 

cea aaa 46), carnation (Fig. 47), and 


50.—Verbena cutting ready for transplanting. pose (Fig. 48) ; and there 
Two-thirds natural size. 2 : 


is a gardener’s cutting-bed 
(Fig. 49) with cuttings of carnations and roses. 

Be patient. As long as the cuttings look bright and green, they 
are safe. It may be a month before roots form. When roots have 
formed, the plants will begin to make new leaves at the tip. Then 
they may be transplanted into other boxes or into pots. The ver- 
bena in Fig. 50 is just ready for transplanting. Each child will 
want a plant. 

It is not always easy to find growing shoots from which to make 
the cuttings. The best practice is to cut back some old plant 
severely, then keep it warm and well watered, and thereby force it 
to throw out new shoots. The old geranium plant from the window 
garden, or the one taken up from the lawn bed, may be served this 
way. See Fig. 51. This may seem hard treatment, but that is all 


the old plant is good for; it has passed its usefulness for bloom. 
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The best plants of geranium and coleus and many window plants are 
those which are not more than one year old. The cuttings which are 
made in January, February, or March, will give compact blooming 
plants for the next winter ; and thereafter new ones take their place. 

Some plants may be propagated by means of cuttings of leaves. 
The Rex begonias or “ beefsteak geraniums” are the commonest 
examples. The large, nearly mature leaf is divided into triangular 
pieces, each piece containing at its point a bit of the leaf-base (top of 
the leaf-stalk). This kind of cutting isshown in Fig. 52. This base 
is sometimes split (as at 0) by 
gardeners to hasten the formation 
of roots. Only the tip of the 
cutting is stuck into the sand ; 
otherwise it is treated like other 
softwood cuttings. 


Tur Harpwoop Courtine. 

Many plants grow readily from 
cuttings of ripe or dormant wood. 
The willows cast their branchlets 
in snow and wind, and _ these, 
falling in pleasant places, propa- 


gate their kind; and thus the 
river sides and the lake shores 


51.— Old geranium plant cut back to 


become willow crowned. 
/ make it throw out shoots from 
Grapes, currants, gooseberries, which cuttings can be made. 
poplars, readily take root from 

the hard wood. Fig. 53 shows a currant cutting. It has only one 
bud above the ground. 

Best results are attained when the cuttings are made in the fall, 
and then buried until spring in sand in the cellar. They are not 
idle while they rest. The lower end calluses or heals, and the roots 
form more readily when the cutting is planted in the spring. But 
if the children are interested, take cuttings at any time in winter, 
plant them in a deep box in the window, and watch. They will 
need no shading or special care. 
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When plants of any variety are scarce, the cuttings may be 
shorter. Sometimes they are reduced to a single “eye” or bud, 
with an inch or two of wood 
attached; and these single-eye 
cuttings are planted much as 
one plants seeds. 


Tue GRarFt. 

If the cutting were planted 
in aplant rather than in the soil, 
we should 
have a graft; 
and the graft 


might grow. 
In this case, 


52.—Begonia leaf cutting. Natural 
size. 


the cutting 
would not 
mnake roots, but it would grow fast to the other 
plant, and the twain would become one. When 
the cutting is inserted in a plant, it is no longer 
called a cutting, but a cion; and the plant in 
which it is inserted is called the stock. The com- 
pleted thing —cion growing in the stock —is a 
graft. 

Plants are particular as to their companions, 
when it comes to such close relationships as these. 
They choose the stocks upon which they will 
grow ; but we can find out what their choice is 


only by making theexperiment. There are queer 53.— Currant cut- 
ting. One-third 


things about it. The pear grows well on the : 
natural size. 


quince, but the quince does not grow so well on 

the pear. The pear grows on some of the hawthorns, but it is an 
unwilling subject on the apple. Tomato plants will grow on potato 
plants and potato plants on tomato plants. When the potato is the 
root, both tomatoes and potatoes may be produced; when the 
tomato is the root, neither potatoes nor tomatoes will be produced. 


Chestnuts will grow on some kinds of oaks. 
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Think a bit. If I sow seeds of a Baldwin 


apple, I will probably have as many kinds of apples as I have trees. 


Some of these apples may be like the Baldwin, and they may not. 
That is, apple seeds do not reproduce the particular variety. They 


will not be held to 


any stricter account than merely to produce 


apples ; these apples may range all the way from toothsome 


kinds to Ben Davis. 


does not wait for the trees to bear in the hope that they 
will produce something to his liking. So he grafts them 


55.— Cleft-graft. One- 
half natural size. 


~ when they still are young, 


The nurseryman knows this, and he 


takes a 
cion from the kind which he wishes to 


perpetuate. So it happens that all the 
Baldwins and Kings and Russets, and 
all other named varieties, are growing 
on alien roots; and what kinds of 
fruits these stocks would have pro- 
duced, no one will ever know, because 
their heads were cut off in their youth 
and heads were put on to order. In 


this way apples and pears and plums 
and peaches and cherries and apricots 54.--Cion 


are propagated, for they will not grow J” “dt 
grafting. 
: : One-half 
ries and blackberries and gooseberries natural 


and currants and grapes grow will- size. 
ingly from cuttings, and they are not grafted 
by the nurseryman. 

The forming, growing tissues of the trunk 
is the cambium, lying on the outside of the 
woody cylinder, beneath the bark. In order 


readily from cuttings. But raspber- 


that union may take place, the cambium of the cion and the stock 


must come together. 


Therefore, the cion is set in the side of the 


stock. I once knew a man who believed that everything was 
designed for some useful purpose. The hole in the pith bothered 
him, until he discovered that a cion just filled it. He grafted his 


trees accordingly ; but the experiment was productive of nothing 
except pithy remarks. 
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There are many ways of shaping the cion and of preparing the 


stock to receive it. 


These ways are dictated largely by the relative 


sizes of cion and stock, although many of them are matters of mere 


person al p reference. 


PN IEMA ND 


56. — The graft waxed. 


man. However, grafting is hardly to be recom- 
mended as a general school diversion, as the making 
of cuttings is; and this account of it is inserted 
chiefly to satisfy the general curiosity on the sub- 


ject. But we hope that now and then a youngster 


The underlying principles are two: see that 
there is close contact between the cambiums of 
cion and stock; cover the wounded surfaces to 
prevent evaporation and to protect the parts 
from disease. 

On large stocks the common form of grafting 
is the cleft-graft. The stock is cut off and split; 
and in one or both sides a wedge-shaped cion is 
firmly inserted. Fig. 54 shows the cion; Fig. 
55 the cions set in the stock; Fig. 56 the stock 
waxed. It will be seen that the lower bud — 
that lying in the wedge—is covered by the 
wax; but being nearest the food supply and 
least exposed to weather, it is the most likely to 
grow ; it pushes through the wax. 

The wax is made of beeswax, resin and tallow. 
The hands are greased, and the wax is then 
worked until it is soft enough to 
spread. For the little grafting 
which any school would do, it is 
better to buy the wax of a seeds- 


will make the effort for himself, for nothing is more 57. snield-bud- 


exciting than to make a graft grow all by one’s self. ding. One- 


Cleft-grafting is done in spring, as growth begins. 


half natural 
8ze. 


The cions are cut previously, when perfectly dormant, 


and from the tree which it is desired to propagate. The cions are 


kept in sand or moss in the cellar. Limbs of various sizes may be 
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» cleft-grafted,— from one-half inch up to four inches in diameter ; but 
a diameter of one inch is the most convenient size. All the leading 
or main branches of a tree top may be grafted. If the remaining 
parts of the top are gradually cut away and the cions grow well, the 
entire top will be changed over to the new variety in three or four 
years. Each cion may be a different variety ; but there is no differ- 
ence in the operation or the treatment of the tree. 

On young or small stocks, like nursery trees, the cleft-graft is 
not practicable, and a different form of grafting is 
employed ; but the teacher will not care to be confused 
with further details. 

We have seen that a cutting may be reduced to a 
single bud; so may a cion. If the bud-cion has very 
little or no wood attached, and is inserted underneath 
the bark, the operation is known as budding. The 
commonest form of budding is shown in Figs. 57, 58, 59. 
This is the method known as shield-budding, because the 
bud, with its attached bark, is shield-shape (Fig. 57). °8.—Thebud 


A T-shape incision is made in the stock, and under the * if “ly 
Tunes 5 ‘ MAULTUZL. 
bark the bud is inserted (Fig. 58); then the wound is One-half 


tightly bound with soft cord or bast. Budding may be ats ea 
performed whenever the bark will “slip” and when _ size. 
well grown buds can be secured,—that is, either in 
spring or late summer. It is usually performed at the 
latter season ; and then the bud does not throw out a 
shoot the same season, but merely grows fast to the 
stock. The next spring it throws out ashoot and makes 
a trunk; and in the meantime the stock has been cut off 
just above the bud. ‘That is, the bud-shoot takes the 
place of the top of the stock. 

Shield-budding is performed only on small and young 
stocks. It is usually exclusively employed in the propaga- 


59.—Thebud 4 : : 
lied. tion of stone fruits, as cherries, peaches, plums, apricots, 


for experience has proved that it is preferable to other 
forms of grafting. It may also be employed for other fruit trees. 


How is a peach tree made? In 1898, a pit or seed is saved. In 
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the spring of 1899, it is planted. The young tree comes up quickly. 
In August, 1899, the little stock has one bud—of the desired 
variety —inserted near the ground. In the spring of 1900, the 
stock is severed just above the bud; the bud throws out a shoot 
which grows to a height of four or six feet; and in the fall of 1900 
the tree is sold. It is known as a year-old tree; but the root is two 
years old. 

How is an apple tree made? The seed is saved in 1898, planted 
in 1899. The seedings do not grow so rapidly as those of the peach. 
At the end of 1899, they are taken up and sorted ; and in the spring 
of 1900 they are planted. In July or August, 1900, they are bud- 
ded. In the spring of 1901 the stock is cut off above the bud; and 
the bud-shoot grows three or four feet. In 1902, the shoot branches, 
or the top begins to form; and in the fall of 1902 the tree may 
be sold as a two-year-old, although most persons prefer to buy it in 
1903 as a three-year-old. In some parts of the country, particularly 
in the west, the little seeding is grafted in the winter of 1899-1900, 
in a grafting-room ; and the young grafts are set in the nursery row 
in the spring of 1900, to complete their growth. 

I have now given my reader an elementary lesson in horticulture ; 
but I shall consider it of little avail if it is not transformed into 
practice for the children. February is the gardener’s time for the 
starting of his cutting-beds, in which to grow plants for the summer 
bloom. Ask the children to bring the old geraniums and fuchsias 
and coleus, and other favorites. Keep them in a warm window; 
cut them back; see that they are well watered; then take the 
cuttings when the time comes. The children will be interested to 
watch the fortunes of the different cuttings. They will be interested 
in Vergil’s couplet, as set to rhyme in old English : 

Some need no root, por doth the Gardner doubt, 


That Sprigs, though headlong set, will timely sprout. 
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HE project of organizing the children of the State 
into nature-study bands or clubs is meeting with 
unexpected success. The Junior Naturalist Club 


is organized, in the language of its charter, that 
“every member thereof shall love the country better and be con- 
tent to live therein.” The Cornell Nature-‘Study movement has 
for its purpose the awakening of a love for natural and native 
things. It stands for naturalness and freedom. It would deepen 
every life which it touches, by giving it fullersympathy with every- 
thing that is and by enriching its experience. It does not attempt 
to teach elementary science, nor primarily to popularize knowl- 
edge ; and herein it differs from other nature-study movements. It 
is not seeking to make investigators of the coming generation, to the 
end that the boundaries of science may be widened. It wants to 
teach the child how to live. It isthe spirit, rather than the letter, 


that quickeneth. 
* * * 


Each Junior Naturalist Club receives a charter, and each member 
may receive a button. Each member pays dues twice each school 
month by sending a letter on something which has been seen or 
studied. Often these letters are the school-room compositions con- 
cerning nature subjects. Each month we issue to the clubs a Junior 
Naturalist Lesson, suggesting what topic may be studied to advan- 
tage. This fall we have made much of the topic “seed travelers ;” 
and our oftice has been full of seeds from the four corners of the 
State. How much the little minds have opened as they have pic- 
tured the journeys of the thistle-down and the stick-tight, no one can 


ever know. 
* * * 


A School of Nature-Study for teachers is offered at Cornell in the 
summer of 1900, as in 1899. Term opens just after the Fourth, 


and continues six weeks. Because of lack of room and equipment, 
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the number of students is limited to one hundred. First come, first 
served. Applications are already coming in. To teachers in New 
York State, there is no tuition. Instruction is given in three gen- 
eral subjects by Professors Roberts, Comstock and Bailey. This 
instruction comprises a full course in itself. It is a one-session 
course. Persons who desire advanced instruction, register in the 
other courses of the summer session. 
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UNCLE JOHN'S TALK WITH THE CHIEDREN: 


r F YOU have not yet organized a Junior Nat- 
uralist Club in your school, we most cordially 
invite you to do so. If you desire it, we will 
gladly mail you instructions. By the instruec- 
tions you will learn all about the election of 
club officers, the charter, monthly lessons, and 


the conditions under which we send badge but- 

tons. The observations of the month can be made the topic for 

compositions and drawings, and these are sent to us once or twice 

each month and are considered by us as payment of dues. For each 

member there is an index card in our office on which his record is kept. 
* * * 

In our plans for simplifying the work never for a moment have 
we entertained the idea that the thousands of letters received as 
dues should be neglected. Never do we pick up a letter without 
the feeling that its production meant much to the author and that it 
is entitled to respectful consideration. Those of our staff to whom 


> of each 


this work falls, have become expert in “catching the key’ 
letter when reading the first few lines. The original, unpruned 
letter, expressing the natural boy or girl, pleases us most. We want 
their ideas more than their scholarship. 


* * * 


Ideally one might suppose that our most enthusiastic clubs would 
come from outside of the city, where Nature is to be observed. 
While we have had very gratitying reports from such quarters, we 
have been much delighted by the zeal shown by clubs in such cities 
as Albany, Auburn, Binghamton, Brooklyn, Buffalo, Cohoes, Corn- 
ing, Dunkirk, Elmira, Gloversville, Johnstown, Jamestown, Lock- 
port, New York, Niagara Falls, New Rochelle, Olean, Poughkeep- 


sie, Rochestery Schenectady, Syracuse, Utica and Yonkers. 
489 


98 


If you know of any boys or girls or adults who by reason of ill- 
ness belong to the band of “shut-ins,” you may perhaps be doing 
them a favor by placing us in touch with them. You understand 
that all our services are free. 

* * * 


When preparing dues for mailing, put them in envelopes or in 
rolls with plain wrapper. Do not fail to give name and address in 
upper left hand corner of the envelope or roll. It is well to do this 
even when identification cards are placed inside. When sending 
letters or drawings, pasteboard sides are unnecessary and when used 
add much to the postage. 


* * * 


We must again speak of the conditions on which we send the 
badges or buttons. They are not sent as a bonus or premium for 
joining a Junior Naturalist Club, but as a testimony that the recipi- 
ent has done faithful work in Nature-Study. So far as possible, we 
rely upon the judgment of the teacher when such conditions have 
been complied with, and to her we consign the buttons for distribu- 
tion. We wish them to be badges of honor and not to be cheap- 
ened by being worn by the undeserving. 

% * * 

We shall continue to send monthly lessons to all Junior Natural- 
ists. We find that 1aost interest is found in the study of living and 
growing things, and material for such is not so easy to obtain dur- 
ing January and February. We shall, however, select topics sus- 
ceptible of some illustration. Perhapsit will be just as well to exact 
but one set of dues for these months. 


%* %* % 


As soon as possible after receiving the roster of a club, we send a 
charter. During October and a part of November we were unable 
to be as prompt in doing this as we desired. No doubt some of 
our Junior Naturalists felt impatient by such enforced neglect, but 
we are sure we suffered more than they. Itis not an easy thing to 


register twenty-one thousand boys and girls. We have done this 
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and now know where to find each one and also the address of the 
teacher by whom the work of the club is conducted. 
* * % 

Weare often asked — “* Will it not answer your purpose of dues 
just as well if we send you a few samples?” No, it will not by 
any means. A record of the work done by each boy and girl is 
kept in our department on a card, and we want the communica- 
tions of every member so that proper credit can be given. 


* * * 


The inquiry is not infrequent — “ What do you do with the thou- 
sands of letters in the form of dues sent each month?” Weare 
glad to assure all Junior Naturalists that each letter received in 
payment of dues is handled with great respect and proper credit 


given on each ecard. 
* * *% 


The Junior Naturalist family now numbers more than 21,000 


boys and girls. They live in many states; and there is one club in 
Egypt and another in Tasmania. 


A Junior Naturalist Club House. 
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TEACHER’S LEAFLET NO. 17%. 


THE BURST OF SPRING. 


I. THE OPENING OF THE BUDS. (ZL. H. Bailey.) 


PRING is coming! The buds will burst 
and the birds will sing ! 

: How do the buds burst? Watch them 
WA as the spring opens ; or if you are impatient, 
cut long twigs and place them in bottles of 


water ina living-room, and the buds will 
swell. First notice what the winter buds are 
like,— that they are spherical, or oblong, or coni- 
cal bodies lying close to the limb and tightly 
covered with scales. Notice that there is a mark 
or scar beneath the bud, showing where a leaf 
was borne. 

It is an excellent practice to collect winter 
twigs of different kinds of trees and bushes, and 
to compare the form and color of the shoots, and 
the size, shape, color and make-up of the buds. 
Lay the twigs side by side on the table and notice how one differs 
from. the other. What part of the twig grew last year? Notice 
the “ring ” at the base of the last year’s growth. After all the dif- 
ferences are noted, put the twigs in water, as you would a bouquet. 
Sometimes flowers and leaves will appear. If the twigs are two or 
three feet long, the buds are more likely to grow, for then there is 
sufficient supply of food (or starch). Change the water frequently, 
and cut off the lower ends of the twigs so that a fresh surface will 
be exposed to the water. It will be two to five weeks before the 
buds open, depending mostly on the kind of plant. 

Mark one bud on a maple, or apple, or lilac, or other plant, by 
tying a string about the twig. Look at it carefully from day to 
day : observe how it opens, and what comes out of it. 


The pupil should know that a winter twig has interest. 
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The bud may be peach or apricot. Soon the bud begins to swell 
at its top. The scales open. A white lining appears. This lining 
soon protrudes (Fig. 60). Soon the lining opens. We see that it is 
a flower. Or, perhaps the peach bud sends out a green 
shoot rather thana flower. There must be two kinds of 
peach and apricot buds,—a flower-bud and a leaf-bud. 
Can you tell them apart? The flower-bud is thicker and 
rounder. Usually one stands on either side of a leaf-bud. 
But the leaf-bud may stand alone. Find one: any peach 


eg 
a 


4 
60-.Open- tree or apricot tree will have leaf-buds, but all may not 


ing of have flower-buds. As the bud expands and the flower or 
anapr- leaf appears, notice that the bud-scales fall away. Do 


cot bud. 
not these scales leave scars? And do not these scars, 


- standing together, make the “ring” which marks the beginning of 
the new growth ? se re 


Observe a pear bud. Notice that the scales elongate as the bud 
swells. You can see the white bases of the scales, marking the 
new growth (Fig. 61). If it is a leaf-bud, the scales may 
become three-fourths of an inch long before they fall. 
But sooner or later, they are cast, and their places are 
marked by scars. If it is a flower-bud, notice that sev- 
eral flowers come out of it. 
In the apricot and peach, 
there is only one flower in 
each bud. Each of these 
little pear flowers is closed 


ses} 


up like a bud, and elevates ee 
} - un oy a 
itself on a stalk before it erate 


opens: and this stalk be- 

comes the stem of the pear fruit. 
But this pear flower-bud contains 
leaves as well as flowers. Fig. 62 


shows what comes out of a pear 
bud. This, then, is a mixed 
flower-bud,— it contains —_ both 
leaves and flowers. The apricot and peach bear true or simple 
flower-buds. 


62.— What came out of a pear bud. 
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Watch apple buds. The scales do not elongate as in the pear 
but the flower-buds are mixed. Fig. 63 shows the expanding cluster 
from an apple flower-bud. Four flowers will open; and there are 
six leaves. If the buds are 
made to open in the house on 
severed twigs, the leaves do 
not grow so large before the 
flowers expand, for the twig 
does not contain sufficient food. 
Fig. 64 is a photograph of an 
apple twig which I had in my 
window one winter’s day. 

x & # 


; : é 33.— Opening of an apple bud. 
Examine a hickory twig. 


The illustration (Fig. 65) shows the “ring” marking the 
beginning of the annual 
growth. See the large 
leaf-sears. Notice that 
the terminal bud is much 
the largest. It is the one 
which will grow. The 
other buds will remain 
dormant unless they are 
forced into growth by the 
death of the terminal bud 
or by other unusual cir- 
cumstance. Notice that 
buds differ in size on 
shoots of all plants: con- 
sider that not all the buds 
are to grow: there is 


struggle for existence. 
When the hickory bud 


64.— Apple flowers tn midwinter. 


expands, some of the scales fall away; but some of the inner parts 

enlarge into leaf-like bodies, as shown in Fig. 66. In some hick- 

ories these bodies become two or three inches long before they fall. 
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Hickories open very late in the season. The Norway Maple, com- 
monly planted on lawns, behaves in a similar way. Observe the 


Sugar Maple. 


A twig of the common elin is shown 
in Fig. 67. Notice the “ring.” See 
the two kinds of buds. We suspect 
that the three large ones are flower- 
buds. With the very first warm days 
— before the robin has built her nest 
—these three buds will burst; soon 
the red-brown tassels will hang on the 
leafless twigs. Each tassel is a flower. 
Several flowers come from each bud. 
We see them in Fig. 68: and the 
leaf-buds have elongated somewhat. 66:2 Phe onan 


65.—Shoot Watch for the fruits or seeds that hickory bud. 
a 
hickory. 


blow about the walks so early in 
spring; and note how the leaves come out. 
With the first breath of spring, the “pussy willows” come. 


i 


a Et) | Wes 2 


CaN Sy 
68.— Blossoms of the elm. 
And what are the “pussies?’? They are clusters of flowers. So 


snugly are the little flowers wrapped in wool, that the “ pussies” are 
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silken-soft as they begin to expand. Fig. 69isa wo 
RS 


willow shoot. Find one when the buds first begin 
to burst. Notice the big brown-black scale that covers 
the bud as a shield and falls when the “pussy” first 
begins to appear. 


And now what is a winter bud? It is a miniature shoot 
or flower, resting for the time, and snugly wrapped for the 
long winter. It was made last season. It is ready to 
leap into growth the 
moment the warm 
rain of spring wak- 
ensit. A good hand 
lens will show the 
embryo branch, if a 
section is made of 
the bud. 

This bud is not 


only ready-formed, 


but it is ready-fed. 


x 


The winter shoots 
70.— Bloom of azalea. f 
1 contain starch. On 
a cut surface of a dormant twig, apply a drop of tincture 
of iodine; note the bluish color, which is indicative of 
starch. This starch is insoluble; but with the first 
awakening of life it changes into sugar, which is soluble 
and is transferred to the growing point. The burst of 
spring is made possible by means of this stored. food. 
Notice the azalea in the florist’s window (Fig. 70). The 
large flower-buds were formed the year before, and it is a 
short operation to force them into bloom. The flowers 
come in advance of the leaves; therefore these leaves 
could not have made the food required for the bloom. The 
blooming of the apple twig (Fig. 64) in the winter shows 
that the food is in the twig and buds. Once I drew a 


branch of a tree into a room and fastened it there. It 
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69. —The 
opentng 
of a pussy 
willow. 
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made leaves and began to grow while the tree to which it was 
attached was perfectly dormant (Fig. 71). 


* * %* 


Not only are the buds ready-formed and ready-fed, but they are 
covered. Snugly is the growing point protected. Pull away the 
scales of a winter bud one by one. Observe how closely they are 


ea 
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71.— Branch of a tree bearing leaves inside a window, when the 
tree ttself ts dormant. 


placed. Often the chinks are filed with a packing of wool, or are 
sealed with varnish. Dip the bud in water: then see if the water 
permeates the covering. The chief value of the bud-covering is not 
‘to protect from freezing, as commonly supposed, but to prevent the 
soft, growing parts from drying out. 


me tS 


The plants are waiting for spring, They are ready. 
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II. THE EARLY BIRDS. (Louis Agassiz Fuertes.) 


FTER a long winter, many of us are too impatient for 
spring to wait for the swelling of the buds, the open- 
ing of the early flowers, and the springing of 
the grass. Several weeks lie between the end 
of winter and the truly genial spring days, and 
during this interval we look for something to 
herald the settled spring season. And the thing 
which gives us that for which we are unconsciously looking, more 
than all other signs, is the arrival of the birds. Who has not 
warmed to the quavering call of the first bluebird, or been sud- 
denly thrilled some early spring day with the sunny notes of the 
song-sparrow ! 

In the southern part of this State, notably in the lower Hudson 
Valley, several birds spend the winter which elsewhere we are accus- 
tomed to see only after the winter has passed. Among these are 
the bluebird, robin, song-sparrow, white-throated sparrow, meadow- 
lark, and possibly purple-finch. But in most of the State we must 
wait until the first or second week in March before we can be sure 
of seeing any of them. It is a question which of the earlier birds 
will first make its appearance, as these early migrants are much less 
regular in their movements than those that come late in April and 
in May, after the weather has become settled, Many a robin and 
bluebird arrives during some early warm “spell,” to find himself 
suddenly surrounded by flying snow and blown about by cold winds. 
But these and a few other hardy ones seem able to stand such rebuffs 
with great equanimity, and the momentary shining of a fickle March 
sun will often evoke some pent up song-sparrows’ notes from the 
shelter of a hedge or thicket. Robins, bluebirds, song-sparrows, 
cowbirds, meadow-larks, phoebes, bronzed grackles, kingfishers and 
doves may be looked upon as the vanguards of the hosts of migrat- 
ing birds that come to us each year, and the first four or five may 
be expected almost any time after the first week in March. If the 


winter has been late, these may not appear until the middle or even 
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the latter part of the month, in which case one is busy keeping track 
of the arrivals, as the other birds have caught up then, and all come 
nearly at the same time. 

It is unnecessary to give detailed descriptions of robins, bluebirds 
and song-sparrows, as nearly everyone is familiar with them; but 
some of the other early comers may be more easily recognized if 
some field impressions of them be given. 

Almost any warm day in early March we may hear a thin, clear 
“tsssss ” in a high piping key, and on looking up see from one to 
five black birds, about the size of orioles, flying in a strange undu- 
lating manner—some up and some down, with the wings held 
close to their sides during the “drop” in 
their flight. They are cowbirds. The flock 
may swirl into the top of a tree and sit close 
together. (Fig. 72.) If this happens within 
eyeshot, stop and watch them for a moment. 
One or two of the males are almost certain to 
utter the ridiculous song of the species, which 
like that of their relatives, the grackles, is 
accompanied by the most grotesque of actions. 
The bird spreads its wings to their utmost, 
spreads and elevates the tail, stretches its neck 


72. — Cowbirds. 


upwards and forwards, and then, quivering and 

tottering, nearly falls forward off the perch. The only sound which 

accompanies this absurd action is a faint chuckling “ clk-sfs’k ” 
which is scarcely to be heard a hundred feet away. 

Xe ee ets 

With the cowbirds we may expect the arrival of the bronzed 

grackles, which resemble them much in flight, but are larger and 

come in far larger flocks,— sometimes ten, sometimes a hundred or 

more. Their arrival is known by the vigorous calls they utter while 


¢ 


flying, a loud bass “ jook.” When seen squabbling in the spruce 
trees or in the bare branches of the willows fringing the streams, 
the males are likely to be giving their “song.” It is scarcely more 
of a note than the cowbird’s, a rusty squeak, and it is accompanied - 

502 ; 


111 


by a contortion in the same manner. It is not such a pronounced 
effort, however, and is often only a slight shudder and shrug of the 
shoulders. They feed, like cowbirds, mostly on the ground, and 
walk about most sedately in the grass like small crows. In tall 
grass, however, they waddle too much to be graceful. When taking 
flight they spread their long pointed tails in a very peculiar and 
characteristic manner— not out in a horizontal plane, like most 
birds, but up at the sides in the shape of a gardener’s trowel, which 
gives them an extraordinary appearance. | 
eee i 

The redwings begin to come into the marshes soon after the 

grackles, and are at that time in full feather and song. Their rich, 


b) 


deliberate “ cronk-ka lrrrrrrr,” interlarded with the clear piping 
whistles of some of the flock, make a concert of bird-notes very dear 
to all who are familiar with it. In their scarlet and black velvet 
dresses these birds are impossible to mistake, whether seen chasing 
over the marshes, singing from an elm-top, or balancing with spread 


tail upon some tall reed stalk. 
* 72. tS 
There is a bird-note so often and so justly mistaken for that of 
the phcebe that the error certainly merits correction. The spring- 
song of the chick-a-dee (which may be heard on almost any warm 
day all winter, and is very easy to call forth by even a poorly 
6s ” 


whistled imitation) is a clear, pure “ eee 2” or which 


really says “ Phoebe” much more plainly than the true phcebe note, 
this latter being much lower in tone, and only 
to be heard after March is well on, and almost 
always in the vicinity of running streams and 
brooklets; while the gay little chick-a-dee 
whistles at any time or place that suits his 


versatile fancy. 
Zhe Ee oe as: 


The mellow flute notes of the meadow lark 
(Fig. 73) float to us from the middle of some 


large open field, and are among the most beau- 
tiful bits of bird music we ever hear. They are not to be repre- 


sented by notes, and can only be most inadequately described. There 
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is a great variation in the sequence of notes, but all are beautifully 
clear and ringing, and have a decided tinge of what would be sad- 
ness if it were not so sweet. The bird flies in a very characteristic 
manner, never raising the wings above the plane of the back, and 
when seen below the horizon line always shows the white feathers in 
the tail. His saffron breast and black breastmark seldom show on 
the living birds, and the mottled brown back is a wonderful safe- 
guard against his many overhead enemies. 
% & & 

Two or more doves may be seen winging their headlong flight 
through the air. These are among the swiftest 
of birds, and are generally out of eyeshot almost 
before you have seen them. (That is one way 
of knowing what they were.) In flight, they 
look like small pigeons with very long graduated 
tails, and when, in some old orchard or open 


wood, you see one rise from the ground into a 
74.— Mourning tree, the white lateral feathers in the tail make 
oe an easily recognizable mark. (Fig. 74.) Their 
cooing notes are well known —a high piched “ overtone” followed 
by several long bell-toned “‘ cocco) —ooooo,” notes. 
BS EES ey 

About April 1 to 10, you may hear a scratching in the dead leaves 
among the underbrush in any thickly grown tangle, and upon cau 
tiously coming up, you may discover the authors —not big grouse 
as you may have supposed, but a flock of five vigorous fox-sparrows, 
on their way to their northern breeding grounds. ‘They are bright 
bay fellows, with boldly blotched brown and white breasts, dili- 
gently scattering the leaves for their food of seeds, spiders, ants and 
other insects. If you have been fortunate enough not to have been 
seen you may hear their song, which is one of the finest of our spar- 
row songs, readily recognizable as such, though not resembling any of 
its fellows——a clear vigorous carol, often ending abruptly with a 
rather unmusical “clip.” If, however, they have seen you, you will 
be treated to a sharp “tseep!” and a rear view of a flock of rapidly 
retreating birds, for they are not sociable (with us, at least) and gen- 
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erally take a hint to move on before you know of their presence. 
They do not stay long with us on their migration, and seeing them 
one day is no indication that you can find them the next. 

Bs aS * 

Although the white throated sparrows spend the winter in our 
southern counties, they do not start their northward journey as | 
early as we might expect, and it is not until the first part of April 
that we may be sure of finding them. I have one list, indeed, that 
shows their first appearance on May first! 

They are to be found in similar places to those which the fox- 
sparrows choose, and are very similar to them in habits, but the 
boldly striped head and gray breast are very distinctive marks. 
Almost all of our native sparrows have a call 
note, the “tseep” note, which is hard to dis- 
tinguish in the different species without much 
patient listening —and I doubt if any person 
is infallible in this distinction. The white- 
throat has this note as well as the song-sparrow, 
tree-sparrow (a winter bird), fox-sparrow, white- 
crown, chippy, field-sparrow, grass-finch, in fact 
all our brown-backed sparrows. But the song 


of the white-throat is his own, and may be heard 75.— White-threat- 
ed sparrow. 


frequently during his very leisurely journey 
through our State. His Canadian name, “ Peabodv bird” is 
descriptive -of ;-his , notes,; “——,—.--, —-.=92=%-? When a 
number get together and whistle, as if they were singing a round, 


it makes a very sweet concert. 
BP Ba Ss 


One of the foremost birds in the spring movement is the grass 
finch (vesper-sparrow or bay-winged bunting). It is to be found in 
open fields and along roadside fences, in company with meadow 
larks, and its sweet song may be heard almost any warm evening 
after the middle of April. Unlike most of our birds, this sparrow 
sings at its best late in the afternoon and during twilight, which per- 
haps makes its song seem the sweeter. It is rather a gentle song, 
though to be heard at some distance, carrying quite as far as that of 


the song-sparrow. Although the quality of voice is somewhat simi- 
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lar in these two birds, the grass-finch lacks the merry abandon that 
characterizes the song-sparrow’s song, but has instead a deeper 
chord, which is called by some people sadness. The bird may be 
easily recognized in the fields by the white tail-feathers, which 
always show in flight. It is about the size and general color of the 
song-sparrow. tathh Jog 

By the time the foregoing birds are comparatively common, and 
the maple buds are burst and the lilacs swelling, the gay purple 
finch appears. He is not purple at all, but has a crimson head, 
which fades on the lower breast through rosy pink into pure white. 
He is fond of spruces and larches, feeding greedily on the tender 
buds as well as on the ants and scale insects that infest them. His 
song is a fine one, and in addition to the charm of being poured 
forth in full flight, is so long and intricate that one finds himself 
holding his breath as the burst of melody continues, as if to help 
the little fellow catch up with his music. 

Cees * 

Along the banks of some lake or stream, sitting idly on a tele- 
graph pole or wire, rising and settling, elevating and depressing his 
long parted top-knot, a patriarchal old 
kingfisher may be seen silently await- 
ing the gleam of a shiner in the water 
below (Fig. 76). Or perhaps you may 
first see him flying like a big wood- 
pecker, screaming his chattering ery 
high in the air, or scaling perilously 
close to the water under the fringing 
hemlock branches that overhang the 


76.4! Ringfshen stream. His large size, slate-blue back, 
loud notes and characteristic flight 
make him a hard bird to mistake in any ease. 
%* 2) Se 
There are many other birds which pass us on their way north, 
but they rather herald the summer than the breaking of spring. 


The following list of spring migrations is taken from Mr. Chapman’s 
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*“ Handbook of the Birds of Eastern North America,’ and was com- 
piled for use about New York City. The dates nearly coincide 
with those I have found about the central part of the State, and are, 
in the main, only a few days in advance of those for the northern 
counties. The latter dates in the column are about what may be 
taken for the middle tier of counties. 

It is the earnest hope of the writer that these few very brief 
sketches may be of use to those interested in entering the delightful 
field of the study of birds; your experience may and probably will 
be different from that which I have cited, which only goes to show 
that everyone must readily see for himself, and not only that, but 
by so doing may make new observations and get new ideas on prac- 
tically all of even our best known birds. Birds are not, as a rule, 
hard to watch, and the patience it requires to sit still and “be a 
stump” long enough for birds to cease noticing you is soon and 
amply repaid by the new insight into an unknown realm which is 
sure to follow. 


LIST OF BIRDS COMPRISING THE SPRING MIGRA- 
LION, 


(Until April 20 — Approximate.) 


(Taken from Chapman s Handbook of Birds of Eastern North 
America.) 


Date of arrival. Date of arrival. 

Feb. 15—-Mar. 10. Purple Grackle March 20-31. Wilson’s Snipe 
Rusty Grackle Kingfisher 
Red-winged Mourning Dove 

Blackbird Swamp-sparrow 

Robin Field-sparrow 
Bluebird April 1-10. Great Blue 

Mar. 10-20. Woodcock Heron 
Phoebe Purple Finch 
Meadow Lark Vesper sparrow 
Cowbird Savanna-sparrow 
Fox-sparrow Chipping-sparrow 
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Date of arrival. 


April 1-10. 


April 10-20. 


Tree Swallow 
Myrtle Warbler 
American Pipit 
Hermit Thrush 
Yellow-bellied 
Woodpecker 
Barn Swallow 
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Date of arrival. 


April 10-20 
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Yellow Palm 
Warbler 
Pine Warbler 
Louisiana Water 
Thrush 
Ruby-crowned 
Kinglet 


III. THE OPENING OF A COCOON. (Mary Rogers Miller.) 


MONG the commonest treasures brought into the 


school by children in the fall or winter are the 


cocoons of our giant silk worms. If one has a place 
to put them where the air is not too warm or dry, 
no special care will be necessary to keep them 
through the winter. Out-door conditions must 
be imitated as nearly as possible. If early in the 
fall one is fortunate enough to meet one of these 
giants out for a walk, it is the simplest thing in 
the world to capture him and watch him spin his marvelous winter 
blanket. Two members of this family of giant insects are quite 
common in this State: the largest, the Cecropia, called sometimes 
the Emperor, and the Promethea. 


77.— Cocoon of the Cecropia moth, It sometimes hangs fiom a twig of some 

fruit tree. 

The Cecropia moth often measures five or six inches across —a 
veritable giant. Its main color is dusty brown, with spots and bands 
of cinnamon brown and white. On each wing is a white crescent 
bordered with red and outlined with a black line. ‘The body is 
heavy and covered with thick, reddish-brown hairs crossed near the 


end with black and white lines. On its small head are two large 
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feathery feelers or antennz. The Cecropia moth emerges from the 
cocoon, full grown, in early summer when out of doors. Those kept 
in the house often come out as early as March. The eggs are 
deposited by adults upon apple, pear, cherry, maple and other shade 
and fruit trees. Professor Comstock says that the spiny caterpillars. 
which hatch from the eggs in about two weeks, are known to feed 
upon the leaves of some fifty species of plants. One could there- 
fore hardly make a mistake in offering refreshment to these crea- 
tures, since they are anything but epicures. The full-grown cater- 
pillar, having spent the summer eating and growing, with now and 
then a change of clothes, is often three inches long and an inch in 
diameter. It is a dull bluish-green in color. 
On his back are two rows of wart-like pro- 
tuberances (tubercles), some yellow, some red, 
some blue. As there is nothing else in nature 
which is just like it, one need have no difficulty in 
recognizing the Cecropia in its different phases. 

The cocoon which this giant silk worm 


weaves is shown in Fig. 77. It may be found 
oe = vat 7 ~wAaAY . 
on a twig in some tree in the dooryard, but 7g — gna of cocoon of 
sometimes on a fence-post or equally unexpected Cecropia, inside 
place. Inside the cocoon the brown pupa, view, showing where 
: aie : the moth gets out. 
alive but helpless, waits for spring. 
After the moth comes out, it is interesting to examine the strue- 
ture of the cocoon, and to discover how the moth managed to free 


itself without destroying the silken blanket (see Fig. 78). 

Swinging loosely from last summer’s twigs in lilac bushes, and on 
such trees as wild cherry and ash, one often finds the slender 
cocoons of the Promethea moth (Fig. 78). We cannot help admir- 
ing the skill and care displayed by the spinner of this tidy winter 
overcoat. The giant silk worm which spun it chose a leaf as a 
foundation. He took care to secure himself against the danger 
of falling, by fastening the leaf to the twig which bore it by means 
of shining strands of silk. It is easy to test the strength of this 


fastening by attempting to pull it loose from the twig. 
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The moths which come from these cocoons do not always look 


alike, but they are all brothers and sisters. 
almost black, while the wings of the sisters are light reddish 
brown, with a light grey wavy line crossing the middle of 
both wings. The margins of the wings are clay-colored, 
On each wing is a dark velvety spot. The adults emerge in 
spring and are most often seen in the late afternoon. 
Their flight is more spirited than that of the Cecro- 
pia, which moves very sedately as becomes a giant. 
* ao 28 

The caterpillars of this species, the 
young Promethea, feed during the sunr- 
mer on leaves of wild cherry, ash an 
other trees. They grow to be about 
two inches long, and are distinguished 


from others by their pale bluish green 


The brothers are 


80. — Cocoon 


yellow near the hindmost end. 


color and yellow legs. They 
also have rows of wart-like 
elevations on their backs, some 
black and shining, four of a 


79.— Cocoon of 
Promethea 
moth fastened 
to a twig with 
silk, 


bright red and one large and 
fo) 5 


x x . 

The life of these giant in- 
sects is divided into four distinct stages; the egg, 
deposited by the adult moth usually on or near the food 


plant; the larva, or caterpillar stage, when most of the 
ot Pro- oy 4 : : ote) 

methea, ent eating and all the growing is done; the pupa, passed 
openlength- inside the cocoon woven by the larva; and the adult, a 
wiseto shew winged moth. 

the valve- : HUG ; 
eae. The life cycle or generation is one year, the winter 
at upper being passed in the pupa stage. The insect lives but 
end through 


which the 
adult moth 
pushes its 
way out. 


a short time in the adult stage and the egg stage is but 
two or three weeks. Most of the summer is devoted 
to the caterpillar phase of its life. 


These creatures are entirely harmless. They sel- 


dom appear in numbers sufficient to make them of economic 
importance. 
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NOTES 


Have you done anything towards establishing a school garden ? 
If you know of any interesting efforts in that direction, we should be 
glad if you would let us know about them. Do you know of any 
school premises which have been planted and ornamented? If you 
are interested in garden-making by children, our Leaflet No. 4 (“A 
Children’s Garden”) is at your disposal. Our Bulletin 160 will 
give you suggestions for the planting of the school ground. 

BP BF ae 

We wish to inaugurate a movement for flower-shows and other 
nature-study exhibitions in schools and churches. If you have had 
experience, please give us suggestions. 

ap GS AS 

Good subjects for spring work are: The Soil (Leaflet No. 15); 
toads (No. 9); tent-makers (No. 5); apple twigs (No. 3), particu- 
larly in connection with the present Leaflet ; showers (No. 14); 
birds (No. 10). a METS 

Persons frequently ask if we believe in teaching sentiment in 
nature-study. We disapprove of sentiment and poetic interpreta- 
tions when they give the wrong point of view, and when they sub- 
stitute mere emotion for patient inquiry. Sentiment should be 
incidental in any interpretation of nature. Yet we have a right to 
the poetic interpretation. Scientists are likely to go so far as to for- 
bid the use of figures of speech and of parables: this is unfortunate. 
A metaphor or parable may be of distinct value when it teaches a 
true lesson or drives home a point, even though it is not literally 
true. One is justified in saying, to some audiences, that a potato 
puts up a lunch for future use. Everybody knows that the state- 
ment is a metaphor. He knows that a potato has no brains. The 
statement does not mislead. If one cannot say that much about a 
potato, it is not allowable to say that it has eyes. One can scarcely 
speak a sentence without saying things which are not literally true 


under all conditions. Even astronomers say that the sun sets. Per- 
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sons who insist that every statement about nature must be literally 
true, take the life and spirit out of writing and conversation. They 
might say that Bryant’s lyric, “ Robert of Lincoln,” is untrue; the 
bird is not “drest” since he has no clothes; he has no “ Quaker 
wife ” since he is mated, not wed. Yet there is more real bob-o- 
link in Bryant’s poem than in the formal description of the bird. 

Yet we wish to protest against that teaching of nature which is 
mere sentimentalism, which makes the ‘ goody-goody ” part of the 
work so prominent that it becomes the child’s point of view. Inter- 
est in things themselves should be the primary motive: sentiment 
comes chiefly as a result. But if there is danger of making senti- 
ment too prominent, there may be equal danger in insisting on a 
perfunctory scientific point of view. 

The publications of the Cornell Bureau of Nature-Study and 
Farmers’ Reading-Course are four: Nature-Study Quarterly, for 
teachers; Home Nature-Study Lesson, for teachers; Junior Natu- 
ralist Monthly, for children ; Farmers’ Reading Lessons (with quizzes), 
for farmers. Aside from these, the College of Agriculture pub- 
lishes the regular Experiment Station Bulletins. With so many 
publications, it is desirable to keep the mailing lists as small as pos- 
sible and yet serve those persons who earnestly desire them. The 
lists are revised, in order to eliminate “dead” names. The lists as 
they now stand are “live” lists. They are approximately as follows 
(March 9, 1900) : 


Meachersel cates rum ems poy eet pla eee et ec. 26,000 names 
Teachers’ home lessons.............. Sec care eee ae ZOO <5 
UMIOE NaiUralishs ware. ween eo. a eae fe 7 30,000 <*‘ 
iarmers) Readinv-Coursemey= sect as).. soe. no. seee e000 -* 
Bullehing eins ea ee EE cise) ac ahs waka 20:000' *< 
95,000 ‘‘ 


The incidental personal requests for the publications considerably 
increase this constituency. 
L. H. BAILEY, Chief, 
JOHN W. SPENCER, Deputy Chief, 
Of Bureau of Nature-Study and Farmers’ Reading-Course. 
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TEACHERS’ LEAFLET NO. 18. 


BROOK is the best of subjects 
for nature-study. Itis near and 
dear toevery child. Itisa world 
in itself. It is an epitome of 
the nature in which we live. In 
miniature, it illustrates the forces 
which have shaped much of the 
earth’s surface. Day by day and 
century by century it carries its 
burden of earth-waste and lays 
it down in the quiet places. 
Always beginning and never 
ceasing, it does its work as slowly 


and as quietly as the drifting of 
the years. It isa scene of life 
and activity. It reflects the sky. It is kissed by the sun. It is 
caressed by the wind. The minnows play in the pools. The soft 
weeds grow in the shallows. The grass and the dandelions lie on its 
sunny banks. The moss and fern are sheltered in the nooks. It 
comes one knows not whence: it flows one knows not whither. It 
awakens the desire of exploration. It is a realm of mysteries. 
It typifies the flood of life. It goes “on forever.” 

In many ways can the brook be made an adjunet of the school- 
room. One teacher or one grade may study its physiography ; 
another its birds; another may plat it. Or one teacher and one 
grade may devote a month or a term to one phase of it. Thus the 


brook may be made the center of a life-theme. 
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I. A BROOK AND ITS* WORK. \(@/. 0. Martin.) 


On a rainy day most of us are driven indoors and thus we miss 
some of nature’s most instructive lessons, for in sunshine or rain 
the great mother toils on, doing some of her hardest labor when her 
face is overcast with clouds. Let us find our waterproofs, raise our 
umbrellas, bid defiance to the 
pattering rain and go forth 
to learn some of the lessons 
of a rainy day. 

Along the roadside the 
steady down-pouring rain col- 
lects into pools and rills, or 
sinks ont of sight in the 
ground. The tiny streams 
search out the easiest grade 
and run down the road, dig- 
ging little gullies as they go. 
Soon these rills meet, and, 
joining their muddy currents, 
flow on with greater speed 
down the hillside until they 
reach the bottom of the val- 
ley and go to swell the brook 
which flows on in sunshine 
or rain. The water which 
sinks into the ground passes 
out of our sight for a time, 
but its journey is also down- 
ward toward the brook, 
though the soil, acting as a 
great sponge, holds it back 


81.— The brook may be made the center of a 
life-theme. 


and makes it take a slower pace than the rushing surface water. 

The slower-moving underground water percolates through the 

soil until it comes to a layer of rock, clay, or other impervious sub- 

stance along the slope of which it flows until it is turned again to 
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the surface in the form of a spring. Perhaps this spring is one of 
those clear cold pools with the water bubbling up through its sandy 
bottom from which we love to drink on a hot sumimer’s day; or 
again it is a swampy spot on the hillside where the cat-tails grow. 
In whatever form it issues from the ground, a tiny rill carries away 
its overflow and this sooner or later joins the brook. 

The brook we see is simply the collected rainfall from the hill- 
sides flowing away to join the river. It grows larger as other brooks 
join it and becomes a creek and finally a river. But where is the 
dividing line between brook, creek and river? So gradually does 
the brook increase in volume that it would be difficult to draw any 
dividing line between it and the larger streams. And so with the 
rills that formed the brook; each is a part of the river, and the 
names rill, brook, creek and river are merely relative terms. If we 
go to other States, we should find that in different parts of the coun- 
try brooks vary much in size. 

Brooks are but small-scale rivers; and if we study the work that 
a brook is doing we shall find it engaged in cutting down or build- 
ing up just as the river does, although, owing to the smaller size of 
the brook, we can see most of these operations in a short distance. 
Let us take our way through the wet grass and dripping trees to 
the brookside and see what work it is doing. 

The countless rain-born rills are pouring their muddy water into 
the brook and to-day its volume is much greater than when it is fed 
by the slower-moving underground water of the springs, as it is in 
fair weather. It roars along with its waters no longer clear but 
full of clay and sand (“ mud” as we call it). 

If we should dip up a glassful of this muddy water we should find 
that when it had settled, there remained on the bottom ot the giass a 
thin deposit of sediment. The amount of this sediment is small, no 
doubt, fora single glassful, but when we think of the great quantity 
of water constantly flowing by we can see that considerabie sediment 
is going along with it. But this sediment in suspension is not all the 
load that the brook is moving. If you will roll up your sleeve, 
plunge your hand to the bottom of the brook and hold it there quietly, 
you will feel the coarser gravel and small stones rolling along the 


bottom. 
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All this load of sand and gravel comes, as we have seen, from the 
valley sides, the banks of the brooks and from its bed. It is mov- 
ing downward away from its original resting place; and what has 
been the result? For thousands upon thousands of years our brook 
may have been carrying off its yearly load of sediment, and though 


82.— A brook cutting under its bank and causing a land-slide. 


each day’s labor is small, yet the added toil of centuries must have 
been great. The result of this labor we can see in the great trough 
or valley through which the brook flows. Tennyson speaks of the 
ceaseless toil of the brook in the following words: 


** T chatter, chatter, as I flow 
To join the brimming river, 
For men may come and men may go, 
But I go on forever.” 

We have seen how the rills and torrents bring into the brook 
their loads of sand, eliy and gravel; let us walk along the bank 
and see what the brook is doing to increase this load. Just here 
there is a sudden turn in the channel and so sharp is the curve that 


the rushing stream is not able to keep in mid-channel but throws 
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itself furiously against the outer bank of the curve, eating into the 
clay of which it is composed, until it is undermined, allowing a great 
mass of clay to slide down into the stream bed where it is eaten up 
and carried away by the rushing water (Fig. 82). Farther on the 
brook dashes down a steep, rocky incline, and if we listen and watch 
we may hear the thud of boulders hurled along or even see a pebble 
bound out of the muddy foaming water. These moving pebbles 
strike against each other and grind along the bottom, wearing them- 
selves out as well as the large unmovable boulders or the rocky bed 
of the brook, Thus the larger stones are ground down, rouiided at 
first but in time reduced to sand, adding in this way to the moving 
burden of the brook. By this slow process of cutting and grinding 
the deep rock gorges of New York State, those at Watkins, Ithaca, 
Au Sable Chasm, and even the mighty gorge of Niagara, have been 
made. The Grand Canyon of the Colorado, over a mile in depth, is 
oue of the greatest examples of stream cutting to be found in the 
world. 

Now the brook leads us into a dripping woodland and just ahead 
we can hear the roar of a little waterfall, for at this point the eut- 
ting stream has uncovered and flows upon the bed rock with its 
alternating bands of hard and soft rock through which the busy 
brook is cutting a miniature gorge. Here is a hard layer which the 
stream has undermined until it stands out as a shelf and over which 
the water leaps and falls in one mass with a drop of nearly ten feet. 
Watch how the water below boils and eddies; think with what 
force it is hammering its stony cutting tools upon the rocky floor. 
Surely here is a place where the brook is cutting fast. Notice that 
swirling eddy where the water is whirling about with the speed of 
a spinning top; let us remember this eddy and when the water is 
lower we will try to see what is happening at its bottom. 

On the other side of the woods our brook emerges into a broad 
meadow ; let us follow it and see what becomes of its load, whether 
it is carried always on or whether the tired brook lays it down ocea- 
sionally to rest. Out of the woods the brook dashes down a steep 
incline until the foaming tide comes to rest in a deep pool. What 
becomes of the large pebbles which have been swept down? Do they 
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go on or do they stop? If you go to the outlet of the pool you will 
see that the water is coming out with nothing in its grasp but the 
fine clay and sand, the gravel and pebbles having been dropped by 
the less rapid current of the pool. This is one of the most impor- 
tant of the brook’s lessons, for 
anything that tends to check 
the current makes it drop some 
of the sediment that it carries 
(Fig. 83). Yonder is an old 
tree stump with its crooked 
roots caught fast on the bot- 
tom; the mid-stream current 
rushes against it only to be 
thrown back in a boiling eddy 
and the waters split in twain 
and flow by on either side 
with their current somewhat 
checked. In the rear of the 
stump is a region of quiet 
water where the brook is 
building up a pile of gravel. 
Farther on, the banks of the 
brook are low and here the 
waters no longer remain in the 
83.— A pile of brook debris deposited by — Ghannel, but overflow the low 
the checking of the current. ; . 
land spreading out on either 
side in a broad sheet. The increased friction of this larger area 
reduces the current and again we see the brook laying down some of 
its load. The sand and gravel deposited here is spread out in a flat 
plain called a flood plain because it is built up when the stream is 
in flood. It is on the large flood plains of rivers that many of our 
richest farm lands occur. These receive a fresh coating of soil 
mixed with fragments of vegetable matter each spring when the 
stream is in flood, and thus grow deeper and richer year by year. 
The flood plains of the Mississippi and the Nile are notable exam- 
ples of this important form of stream deposit. 
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And now let us make one more rainy day observation before 
going back to our warm, dry homes. Just ahead on the other side 
of that clump of alders and willows les the pond into which the 
brook flows and where its current is so checked that it gives up 
almost all of its burden of sediment. Close to the shore it has 
dropped its heaviest fragments while the sand and clay have been 
earried farther out, each to be 
dropped in its turn, carefully 
assorted as to size and weight. 
Here you can see that the 
stream has partly filled this 
end of the pond and is now 
sending its divided current out 
over the deposit which it has 
made in a series of branching 
rivulets. This deposit is called 
a delta (Fig. 84) and deltas 
are another important form of 
stream deposits. In the lakes 
and ponds deltas may grow outward until the lake is filled when 


84.— A delta built by a tiny rill flowing from 
a steep clay bank. 


the stream will meander across the level plain without much cur- 
rent and hence without much cutting power (Fig. 85). In the sea 
great deltas are being formed in some places, like those at the 
mouths of the Mississippi, the Nile and the Ganges. Large areas of 
dry land have thus been built. Deltas, like flood plains, afford rich 
farming lands when they are built high enough to remain above the 
water. 

Here let us end our study of the brook for to-day, and wait until 
the rain ceases and the water runs clear again; then we can see the 
bottom and can also learn by contrast how much more work the brook 
has been doing to-day than it does when the volume of water is less. 

On the road home, however, we can notice how the temporary 
streams have been cutting and depositing, as well as the everflowing 
brook. See where this tiny rill has ran down that steep clay bank 
until its current was checked at the foot. Notice how it has spread 
out its sediment in a fan-shaped deposit. This form of deposit is 
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sometimes made by larger streams, especially in a mountainous coun- 
try with plains at the foot of the slopes. They are colled alluvial 
Jans or cone deltas (Fig. 86), but they are not as important as flood 
plains and deltas. 

The next dry, sunny morning that comes let us visit the brook 
again: it no longer roars, but its clear waters now sing a pleasant 
melody as they ripple along the stony bed. We can see at a glance 
that comparatively little work is going on to-day, and yet, if we 
look closely, we shall see glittering particles of sand moving along 
the bottom. The clear water, however, allows us to study the bot- 
tom which before was hidden by the load of mud. 


85.— A brook flowing across a pond which has been filled. 


First we see the rounded boulders and pebbles of all sizes which 
must have been rolled about for a long time to make them so smooth. 
Some of them are so very hard that we cannot even scratch them 
with our kives; others are soft and easily broken. What would be 
the effect of rolling together stones of such varying hardness? 
We must think of these stones as the brook’s tools with which it 
cuts and grinds, for water without sediment can do little more than 
slightly to dissolve the rock. 

Let us go at once to the little waterfall, for we shall be curious to 


see what lies at the bottom of the whirling eddy that drew our 
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attention yesterday. As we look down into the sunlit pool we see 
that the eddy is gone for the volume of water is not great enough 
to cause it to revolve, but there in the rock on the bottom is a deep 
basin-like hole. In the bottom of this hole we shall see a number 
of well-rounded stones, with perhaps some sand and gravel. These 
stones are the tools which, whirled about by the eddying water, have 
cut the basin-like holes. Holes of this sort are common in rocky 
stream beds, especially in the neighborhood of falls or in places 
where falls have once been ; they are called pot-holes and represent 
another form of stream cutting. (Fig. 87.) 


86.— A brook building a delta into a lake. Formerly the brook flowed straight 
ahead, but tts own delta has caused it to change its direction. 


Next let us visit the flood plains which we saw forming when the 
water was high. Now we shall find the brook flowing in its channel 
with the flood plain deposits left high and dry. If we dig down 
into the flood plain we shall see that it is made up of successive lay- 
ers varying in thickness and in the size of the fragments. Each of 
these layers represents a period of high water, and the size of the 
fragments in the layer tells us something of the strength of the cur- 


rent, and, therefore, of the intensity of the flood. Some layers are 
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thicker than others, showing a longer period of flood or perhaps 
several floods in which there was little variation. This stratification, 
as it is called, is one of the peculiarities 
of water deposits and it is due to the as- 
sorting power of currents which vary in 
force. If we were to cut into the delta 
we should find the same thing to be true 
—aregular succession of layers though 
sometimes confused by changes in direc- 
| tion of flow. 

To-day we shall notice something which 
escaped our attention when it was held by 
the rushing torrent — the valley bottom is 


87.—A pot-hole cut in the rock 
of a stream’s bed. 


much wider than the bed of the stream ; if we keep our eyes open we 
shall see the explanation of this in the abandoned channels, where, 
owing to some temporary obstructions, the stream has been turned 
from side to side of the valley, now cutting on one bank and now on 
the other. In this turning from side to side the cutting area of the 
stream is increased and it goes on widening its valley as well as cut- 
ting it downward. 

And now we have learned some of the most important ways in 
which the busy brook is toiling; but there are other points which 
we might have seen, and in some brooks there are special features 
to be noted. However, we have learned that the brook is no idler, 
that its main purpose is to conduct to the ocean the rain that falls 
upon the earth’s surface, and that in doing this it is wearing down 
the hills, carrying them away only to build up in other deposits. 
The cheerful song of the brook takes on a new meaning as we lie 
in the shade and watch it hurry by. It is not the song of idleness 
nor pleasure, but the song with which a cheerful and tireless worker 
seeks to make its task lighter. 
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II]. INSECT LIFE OF A BROOK. (Mary Rogers Miller.) 


HAT wader, be he boy or water-fowl, 
has not watched the water insects ? 
How they dart hither and thither, some 
skimming the surface, others sturdily 
rowing about in the clear shallows! 
The sunlight fastens for an instant their 
grotesque reflections on the smooth bot- 
tom, then away — the shadow is lost, 
save for the picture it left in the mem- 


ory of the onlooker. 

The splashing, dashing wader, with his shout and his all-dis- 
turbing stick, stands but a poor chance of making intimate acquaint- 
ances among water-folk. Your true brook-lover is a silent individ- 
ual except when occasion demands action. The lad in the title- 
page picture has the right spirit. From the vantage ground of a 
fallen log or overhanging bank he looks down on the housekeeping 
affairs of his tiny neighbors, nor do they seem offended. Indeed, I 
doubt if they are aware of his presence or curiosity. 

Time was when the enjoyment of brook life was limited to boys. 
White aprons, dainty slippers and fear of being called “ 'Tom-boy ” 
restrained the natural impulses of the “little women.” Happily 
that day is past, and it no longer looks queer for girls to live in the 
open air and sunshine, free to chase butterflies and hunt water-bugs 
with their brothers. 

My brooks abound in swift eddies, perfect whirlpools in minia- 
ture, and waterfalls of assorted sizes. They have also their quiet 
reaches, where whirlgig beetles perform their marvelous gyrations, 
and bright-eyed polliwogs twirl their tails in early May. On the 
bank are ferns and mosses, and s)metimes willows and alders form 
a fringing border. 

The heart-leaved willows along many brooksides are found to bear 
knob-like bodies at the tips of many of their branches, which look 


like pine cones. (See Fig. 88.) Now everybody knows that wil- 
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lows bear their seeds in catkins. Why then should so many brook- 
side willows thrustthese cones in our faces? On cutting one of the 
cones open one will learn the secret. A tiny, colorless grub rolls 
helplessly out of a cell in the very center of 
the cone. It is the young of a small gnat, 
me scarcely larger than a mosquito, and known 


ne 
Shs 

Poth asa “gall gnat.” The cone-shaped body 

ey : ; F 
( wy on the willow branch is called a “ pine-cone 

| ? ears 

eS willow-gall.” The little gray gnat comes 
FBS out in the spring. Any one can collect the 


galls from the willows and keep them in 
some kind of cage in the house until the 
gnats come forth. 

The pine-cone gall is an enlarged and 
deformed bud. The twig might have 
developed into a branch but for fhe pres- 
ence of the little larva. The scales of the 
cone are the parts which would have made 
leaves under more favorable conditions. 
The brook-lover cannot afford to miss the 
pine-cone willow-galls. 

Wandering along the brookside in spring 
or early summer, one is surprised to find so 
many insect visitors darting about in the 
air. There are dragon-flies of all shapes, 
88.— Knob-like bodies, resem. sizes and colors; dainty damsel-flies perch 

bling pine cones, airily on reeds, their gleaming wings aflut 
ter in the sunshine; sometimes a nervous mud-wasp alights for a 
moment and then up and away. The dragon-flies seem intent on 
coming as near to the water as possible without wetting their wings. 
They pay no heed to other visitors, yet how easily they escape 
the net of the would-be collector! Let them alone. Their busi- 
ness is important if we would have a new generation of dragon- 
flies to delight the eye next year. The eggs of these creatures are 
left in the water and the young ones are aquatic. If you would 
know more of them, dip down into the stream in some sluggish 


bay. Dip deep and trail the net among the water plants. Besides 
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dragon-fly nymphs there will be caddice-worm cases like tiny cob- 
houses, water-boatmen, —back- 
swimmers, and giant water-bugs.* 
These are insects characteristic of 
still or sluggish water, and are 
found in spring and summer. 
The insects which skip lightly 
over the surface of the water 
where the current is not too 
strong, are water-striders. (See 
Fig. 89.) Some are short and  89.—Water-striders have long, thin legs. 


stout, others slender-bodied ; but all have 
long, thin legs. Their coloris nearly black. 
As they scurry about in the sunshine the 
delighted watcher will sometimes catch a 
glimpse of their reflections on the bottom. 
Six oval bits of shadow, outlined by rims of 
light; there is nothing else like it! Be 
sure you see it. 

Let us leave the quiet, restful pools and 
the sluggish bays and follow the hurrying 
water to the rapids. Every stone changes 
the course of the current and the babble 
makes glad the heart of the wayfarer. Let 
us “leave no stone unturned” until we 
have routed from his favorite haunt that 
genius of the rapids, the Dobson. (See Fig. 
90.) These creatures bear other common 
names and are prized by fishermen in the 
black bass season. Dirty brown in color and 
frankly ugly in appearance and disposition, 
these larvee, for such they are, have little 
to fear from the casual visitor at the water’s 
edge. When a stone is lifted the Dobsons 
beneath it allow themselves to be hurried 
along for some distance by the current. The danger over, they 


* These and others forms found in still or slow flowing water are described 
and pictured in Leaflet No. 11, Life in an Aquarium, 
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90.— The Debson makes 
no preter.sions to beauty 
(natural size). 
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“catch hold” and await their prey farther down stream. In spite 
of their vicious looking jaws these insects are not venomous. At 


91.— May-fly nymph, three 
times natural size. 


the very worst they could do no more 
than pinch the finger of the unwary 
explorer. 

When the Dobson is full grown, it is 
called a Hellgrammite fly or horned 
Corydalis. It has lost none of its ugli- 
ness, though it has gained two pairs of 
thin brownish gray wings, and flies about 
in the evening. It has been known to 
create some consternation by flying in at 
an open window. It is harmless and 
short-lived in the adult stage. 

Upturned stones are likely to bring 
to view other strangers. Lying close 
against their wet surfaces one usually 
finds young May-flies. (See Fig. 91.) * 
These, like the young dragon-flies, are 
called nymphs. 

When they are ready to leave the water 
they make their way to the shore and 
clinging to some convenient tree trunk 
or building they shed their nymph skins. 
I have seen trees and buildings on the 
banks of the St. Lawrence River liter- 
ally covered with these cast skins. In 
the early morning in June and July one 


can watch the molting process, the unfolding of the gauzy wings 
and the unsheathing of the long filaments. (See Fig. 92.) 

Do not believe that May-flies are harmful. They are sometimes 
too numerous for comfort at summer resorts where myriads of them 


swarm about the lights. 


But stories of their stinging and biting 


are entirely without foundation. They are short-lived in the adult 
stage. The name of the family to which they belong, Ephemerida, 


* Figures 91, 92 and 93 are adapted from Dr. R. Leuckart’s Zoological charts. 
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suggests their ephemeral existence. It is of these that poets have 
sung. 

Stone-fly nymphs also cling closely to the flat stones. The cast 
skins of these are frequently found on the banks of streams. They 
resemble the May-fly nymphs but can be identified by comparing 
with these illustrations. (See Fig. 93.) 


92.— The May-fly sheds its nymph skin. (Twice natural size.) 


Sometimes on the very brink of a cataract one will see what 
appears like patches of loose black moss. Strangely enough, these 
are the larvee of black flies, related to the terrible “ Punkies” of 
the north woods. The black fly larvee can live only in the swiftest 
water. There they pass through their transformations and succeed 


in emerging into their aérial stage, in spite of the rushing current. 
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All these things and many more they see who frequent the water 
brooks. They cannot tell all they see, for some things are too deep 


93.— Stone-fly, showing one pair of wings. The lower figure isa nymph. 
(Twice natural size.) 


for words. They can and do say to one and all *‘ Come let us visit 
the brook together. The water and all that dwell in it and round 
about invite us and make us welcome.” 
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NOTES FROM THE CLUBS. 


UR observations of a large number of Junior 
Naturalist clubs have clearly shown us that best 
results come when the teacher gives inspiration 
and guidance without dictating, and leaves the 
members of the club to feel that the organiza- 
tion is all theirs. The pride of proprietorship 


and the feeling of the members that they are doing 
the same work in the same manner as is done by their elders, is a 
strong factor in keeping up an interest. 
* * * 

A principal of one of the schools has asked us to publish a leaflet 
on parliamentary practice, a suggestion which we have under serious 
consideration. He has made much of the meetings of the clubs 
and has conducted them on a basis of civics and adroitly let the 
club proceedings drift into parliamentary and legislative usages, 
whenever nature-study subjects are under consideration. He speaks 
with much spirit of the interest awakened in a certain class of boys 
in his school in the election of club officers. These pupils are not 
distinguished for love of study, being emphatically boys of the 
street. They are lads in whom was born a spirit of leadership of a 
certain kind, and the club meeting is an occasion when it comes out 
in full foree. To the boys’ credit, be it said, their purpose was the 
election of the best members, as judged by their standard. Many 
situations come up in which proper parliamentary ruling is beyond 
the knowledge of the teacher and therefore he suggested that we 
issue a leaflet giving aid in that direction. 

* * * 

Many teachers in whom the taste for good literature is strong, 

open the club meetings with a roll call in response to which each 


member gives a quotation appropriate to the lesson of the month. 
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The correlation of nature-study with language and also with 
drawing, seems to be popular. In language it gives a definite and 
concrete topic and one of interest to the child. From our point of 
view, it is more important that we have the child’s thoughts than 
his scholarship. We desire more the expression of what was seen 
and what such observation meant than to have mere correct English. 
Each teacher has his own standards and is best able to judge of the 
requirements, and we therefore never insist that our view-point be 
made that of the teacher. Drawing is a valuable correlation. We 
have received much in this line, with which we are greatly pleased. 
A considerable amount of our best examples have been sent to 
foreign countries where the fame of our Junior Naturalists has 
gone, and we have shown our pride in them by sending samples of 


their work. 
* * * 


The suggestion for the payment of monthly club dues in the form 
of compositions and drawings made during the respective periods 
in the regular school work, has been fulfilled to a degree gratifying 


to us. 
* * + 


The large increase of membership has made the correspondence 
very great indeed, making an increased clerical force necessary, but 
we have so far succeeded in examining each paper sent and giving the 
author proper credit. We keep a personal account with every 
Junior Naturalist. We believe that the movement cannot succeed 
permanently if our work ends with the organization of clubs. 

* * * 

This issue of the Quarterly closes its publication for the present 
school year. The brook is a good vacation subject. Start the chil- 
dren in the study of it before the school closes; then ask them to 
continue to explore it during the summer and report their dis- 


coveries in the fall. 
%* %~ x 


During our summer vacation we shall revise the mailing list 
for our Nature-Study Quarterly. If, since receiving the April 
number, you have not requested that your name be retained on our 


mailing list, you would better attend to it at once. We shall be 
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pleased to have you remain with us, but if we hear nothing from 
you we shall conclude you no longer care for our publications. A 
postal card will be sufficient notice, and please attend to it at once. 
Tf you receive no September number, you will know the probable 
reason. 

L. H. BAILEY, Chief, 

JOHN W. SPENCER, Deputy Chief, 
Bureau of Nature-Study and Farmers’ Reading Course, 


Cornell University, Ithaca, N. Y. 
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| READING-LESSON 
CORNELL READING-COURSE No. 7, 


| DECEMBER, 1899. 
FOR FARMERS. 


BY A. L. KNISELY. 


BALANCED RATIONS FOR STOCK. 


David and John lived on the outskirts of a village, but on opposite 
sides thereof. One Saturday morning there was an auction sale in 
town, and among the things sold were several fine milch cows, of 
no particular breed. David and John each bought two cows. These 
cows were “ fresh ;” that is, they had been giving milk for about 
one month. Each cow gave an average of twenty-five to thirty 
pounds of milk a day. Each man intended to buy feed for his 
cows and to sell his milk to the village people. These cows were 
to be used as machines with which to convert raw material, as grain 
and coarse fodder, into the manufactured product, milk. About 
three months later we heard that David had sold his two cows to 
John. He complained that they had steadily fallen off in milk since 
he had bought them, until each cow gave scarcely fourteen pounds 
aday. John’s cows were still giving thirty pounds a day. Here 
was a difference of sixteen pounds, or over half, in three months. 
What was the reason ? 

It at once occurred to us that John must have given his cows 
better care than David. We went to each man and asked him how 
he had fed his cows. David said he had given each cow a small 
armful of timothy hay and three or four quarts of corn meal, every 
morning and night. This would be about twenty pounds of hay 
and ten of meal each day. He did not think it was necessary to 
feed his cows any particular kinds of food in order to get’ the most 
milk from them. Anything the cows would eat was good enough, 
if only it filled up their stomachs and satisfied their hunger. 

John said that he gave each of his cows a daily ration of about 
twenty pounds of clover hay, three pounds of wheat bran and six 
pounds of ground oats. He believed that a cow needs variety in 
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what she eats, as well as a man; and he tried always to give his 
cows an occasional relish of carrots, turnips, small potatoes, or even 
apple parings from the kitchen. ‘Of course,” said John, “a cow 
can live and will give milk if kept on the same feed day after day ; 
_but Ihave always found that she is grateful for a little personal 
attention, and will pay for it with a larger yield of milk.” David 
had been paying $6.00 a month for the food of each of his cows, 
actually more than the milk was selling for: John’s ration cost him 
but $5.00 a month per cow, yet he was getting double the amount 
of milk which David did, and was making money. David was dis- 
appointed ; John was well pleased. But the chief reason for John’s 
success was not because he gave his cows a greater variety of food 
than David, but because he fed them those foods which are well 
suited for the production of milk. David gave his cows a liberal 
allowance of hay and corn meal. These are both good foods for 
making fat but are not rich in those materials which a cow needs in 
order to increase her flow of milk. They are better for fattening 
steers than for feeding to milch cows. In other words, John had 
been feeding a balanced ration, and David an unbalanced ration. 
This leads us to inquire about some of the principles or reasons 
which underlie the feeding of animals. 

1. An animal is a living machine.— There is always wear and 
tear on its various parts. As we shovel in coal at the furnace door 
to make the energy which will turn the great wheels of the shop, so 
is food taken into the body to supply energy and to repair the waste 
which comes from using the body. In the first place there must 
be enough of this food, or fuel, to do all the work; and in the 
second place, it must contain that which is needed to build up those 
parts of the body which are breaking down. 

2. There are two purposes for which food are required: to main- 
tain or support the animal, or the maintenance ration ; and to lay 
up extra or reserve materials, or the productive ration. — The main- 
tenance ration is that which keeps up the bodily heat, and repairs 
the normal wastes. The productive ration stores up fat, supplies 
flow of milk, and the like. The profit in feeding comes in supply- 


ing more than a mere maintenance ration. 
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3. An idle animal needs less food than one which is hard at 
work.— A locomotive does not require nearly as much fuel to keep 
up steam when it is running “light,” as when drawing a freight 
train on an up grade. The little driving mare which stands in your 
barn most of the time must have some food to renew the energy 
used up in breathing, pumping blood throughout its body and other 
wastes; but the big team horse which has to pull the plow all day 
or sled logs out of the swamp must have much better fare. 

4. It is as much tax on a cow to give a big yield of milk as it is 
on & horse to do a big day’s work.—There are other ways of using 
up energy than by physical exertion. Probably each of John’s 
cows spent as much energy in producing thirty pounds of milk a 
day as a big Percheron horse does in a heavy day’s work before the 
plow. The food David gave his cows cost enough, and there was 
enough of it; but it was not the right kind to repair the waste 
made in producing milk. Probably he did not know much about 
the philosophy of milk production. That is the reason why he 
failed. 

The cows which John bonght of David soon began to pick up 
under the new fare, and to give more milk. When David found 
his cows were not paying him, he ought not to have been above 
seeking advice from a more successful man like John. Or if he 
had several cows and many kinds of feed-stuffs, he might have 
changed rations till he had hit upon some combination of foods 
which gave better results. But neither David nor any other farmer 
has time for much of such work. It must be done by the Experi- 
ment Station. The way we can best help the Davids of this State 
is to tell them what they should aim to supply in their animal 
rations, and the reasons for this selection. Then each man can pick 
out for himself the various materials which answer his needs, and 
which may be obtained to best advantage in his section. 

5. Many kinds of food are required.—We can be sure of this by 
studying the composition of the animal body ; also by reflecting on 
the many kinds of work which an animal does. The body of an 
animal is made mostly of water, mineral matter, nitrogenous matter, 
and fat. 
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There is always much water in all parts of the body. Often 
one-half of an animal is water. Water itself becomes a part of all 
bone and flesh, but its chief use is to carry building material. 
When an animal eats, the food goes into the stomach and is there 
acted upon by different juices. The proper parts are then taken by 
the blood, which is mostly water, to every part of the body which 
needs repair. Water also helps to carry off the wastes, or worn 
out parts of the body. 

The mineral matter in the body of an animal is found mostly in 
its bones. Flesh and muscle are so soft that they cannot stand hard 
use alone, and so they are placed on a bony framework. From two 
to five per cent of the animal body is mineral matter. 

Nitrogenous matter is a term the chemist uses for all parts of the 
body which contain nitrogen. This is the same element you are 
feeding to your farm crops ; for plants as well as animals must have 
nitrogen. Flesh, skin, muscle, hair, wool, horn, hoof, feathers, 
blood, lean meat, the white of an egg and the curd of mild all con- 
tain nitrogen. When you put horn and hoof waste or dried blood 
on your land they give up their nitrogen to the plants, and thus 
have a fertilizer value. 

The fat of an animal varies with its age, the amount of work it 
has to do, and the food it gets. The leanest animal has seldom less 
than five per cent of fat, and the fattest not much above thirty per 
cent. Fat is a sort of store or reserve supply of food. Late in the 
fall a fat bear goes to sleep in a hollow tree. When he come out in 
the spring his ribs show through his hide. He has lived all winter 
on the reserve fat stored in his body when autumn nuts and berries 
were abundant. 

6. Lat keeps the body warm.—All the higher animals are warm 
blooded and this body heat must come from the food. That is why 
most animals eat more food in cold weather than in warm weather ; 
and why you yourself relish fat more often in winter than in sum- 
mer. The Esquimaux and other people of very cold climates, live 
almost wholly on fatty meats. They need a lot of the little heat- 
giving atoms to keep them warm. 

Fat-producing materials are given to the animal, sometimes in the 
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form of fats; but mostly as starches and sugars, or carbohydrates, 
as the chemist calls them. After being taken into the body, these 
carbohydrates are changed into fat. Generally it is better not to 
feed an animal fat directly, but to feed carbohydrates. 

The larger part of all dried plants, including all kinds of hay and 
fodder, is carbohydrate. We often hear a farmer speak of corn as 
“heatening.” In the winter he will feed more cracked corn to his 
horse and corn meal to his hens than in summer. This is a fairly 
good practice ; but very often the farmer does not know the reason. 
It is because the corn kernel is full of starch grains; and after the 
animal has eaten it, the wonderful chemistry of the stomach turns 
it into heat-saving and heat-producing fat. 

7. The nitrogenous matters, sometimes called protein, build up 
the working machinery of the body.—They make lean flesh, blood, 
muscle, skin, hair, wool, feathers, etc., and are especially needed in 
making milk. If you are keeping cows for their milk, sheep for 
their wool, horses for their muscle, or even geese for their feathers, 
it would be wise to feed them enough protein to best develop the 
desired points in each. This means that you ought to know the 
food value of everything you feed to your animals. You ought to 
know whether it will tend to fatten the cow or to increase her flow 
of milk; whether it will tend to fatten the hen, and make her lazy, 
or give her the material for more eggs. The Experiment Station 
will be glad to answer any questions on this point. 

Some of the common feed-stuffs which are especially rich in pro- 
tein are all-animal substances ; also oil-cake, cotton-seed meal, gluten 
feeds and many other concentrated foods. 

8. Lhe different kinds of hay, grain, etc., which we feed to our 
farm animals contain all these four foods: water, mineral matter, 
nitrogenous matter and fat.— But the point is this, to increase or 
diminish the supply of each food according to the end in view. 
That is, to feed a balanced ration. We need not bother much 
about the water and mineral matter. Enough of both are supplied 
in ordinary food and drink; although we should always satisfy the 
eraving of cows and horses for salt, and other appetizers. 


David was feeding timothy hay and corn meal, both of which are 
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poor in protein. What he wanted was milk; and milk is rich in 
protein. He gave his cows only enough protein to make fourteen 
pounds of milk, and so the yield dwindled down to that amount. 
Then David wondered why he did not get thirty pounds, like John. 
Probably he upbraided the man from whom he had bought the 
cows, or kicked against his “luck.” He should know that there is 
a reason for everything. 

On the other hand, the hay and meal which David was feeding 
are very rich fat-forming foods. He was not only stinting his cows 
on milk-producing food, but was also giving them more fattening 
food than the cows really needed. John was feeding a balanced 
ration ; David was feeding an unbalanced ration. It will pay 
every farmer who reads this to tind out if he is not abusing his beast 
and robbing his pocketbook as David did. 

9. A balanced ration is one which contains the nutritive mate- 
rials ( protein, carbohydrates and fat) in those proportions which 
expervence has shown to produce the best results. The composition 
of a ration should vary with the different animals and with the 
end in view.—W hat is a balanced ration for a horse may not be for 
a sheep. Again, a particular ration may be balanced for a cow 
when she is in milk, but not when we wish to fatten her for the 
butcher. A ration suitable for a hard worked ox is not a good one 
for this ox during a period of rest. Let us find out why this is so. 

When an animal is hard worked, there is a great strain on the 
muscles, tendons, etc. (working machinery), of the body and this is 
best kept in order by feeding a ration which contains a large propor- 
tion of the repairing and muscle forming nutrient protein. If the 
animal is at rest in the stall there is no severe strain on the working 
machinery of the body and in such cases rations containing much 
smaller proportions of proteem as compared to the carbohydrates 
and fat should be fed. 

10. Only a part of the protein, carbohydrates and fat is digesti- 
ble.— Foods are valuable as sources of nourishment only in so far as 
they can be digested and assimilated. The chemist analyzes a food 
and tells exactly how much protein, carbohydrates and fat it con- 
tains, but he is unable to say how much of each is digesteble. 
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Only a portion of the food ingredients which are eaten is digested 
and rendered soluble by the changes they undergo in the mouth, 
stomach and intestines. This soluble portion is assimilated, and fron 
this alone is the animal nourished. The undigested part passes on 
and is excreted as manure. This undigested part is of no use to the 
animal. 

11. The value of feeding-stuffs varies with the amount of diges- 
tible food nutrients which they contain.— Chemical analysis shows 
the total amount of nutritive ingredients in food-stuffs, but the 
digestible portion can be found only by carefully conducted feeding 
experiments with farm animals. Since the amount of digestible 
nutrients varies with different foods, it must be found for each one 
by careful experimentation upon animals. Many such experiments 
have been conducted with each of the common food-stuffs, so that 
at the present time there are many tables of figures giving for each 
feeding-stuff the digestible part of its protein, carbohydrate and fat, 
the total amount of which has been shown by chemical analysis. 

In practical feeding experiments it has been found that one pound 
of digestible fat will go as far as 24 pounds of digestible carbohy- 
drates; or, in other words, that one pound of digestible fat will go 
24 times as far as one pound of digestible carbohydrates. There- 
fore, it is necessary to multiply the fat by 24 in order to get its 
equivalent in carbohydrates. 

12. The proportion between the digestible protein and digestible 
carbohydrates + (fat x24) in a given food is called a nutritive 
ratio.— When we know the digestible nutrients in a food we can 
easily finds its nutritive ratio. Thus a given food contains 2 parts 
digestible protein, 10 parts digestible carbohydrates and 1 part fat: 
the 1 part fat is equivalent to 24 parts digestible carbohydrates ; 10 
parts carbohydrates + 2} is equivalent to 124 parts of digestible 
carbohydrates. That is: this particular food contains digestible 
nutrients equivalent to 2 parts protein and 124 parts carbohydrates, 
or for each part of digestible protein there are 64 parts of digestible 
carbohydrates and fat. Therefore, this food has a nutritive ratio 
of 1: 64. 

13. To find the nutritive ratio of any food, add the (fat x24) 
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to the digestible carbohydrates and divide this sum by the digestlibe 
protein.— A nutritive ratio shows how many equivalents of diges- 
tible carbohydrates there are for one of digestible protein. The 
greater the number of these carbohydrate equivalents for one of 
protein the wider the nutritive ratio, and the fewer the number the 
narrower the nutritive ratio. Hence we use the terms “ wide” and 
“narrow” nutritive ratios. 

If a farmer has tables showing the composition of the different 
food-stuffs and their content of digestible nutrients, he can figure 
out the nutritive ratio for himself. 

The Cornell Bulletin No. 154 contains such information, and it 
will be sent to applicants. 

Lesson No. 8, soon to follow, will continue this subject. 


Reading - Lessons : 

1. The soil: What tt as. 

2. Tillage and under drainage: Reasons why. 
. Fertility of the soil: What tt cs. 
. How the plant gets its food from the soil. 
. How the plant gets its food from the air. 
. The problem of depleted lands. (Bull. 174.) 
. Balanced rations for stock. 


LHe BATTERY, 
Chief of Farmers’ Reading- Course. 
JOHN W. SPENCER, 
Deputy Chief, 
Cornell University, Itnaca, N. Y. 


Id oe OO 
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QUIZ ON 


READING-LESSON 
CORNELL READING-COURSE NO. 7, 
FOR FARMERS. JANUARY, 1900. 


BY S. W. FLETCHER. 


These questions constitute a supplement to Reading Lesson No.7 
(“ Balanced Rations for Stock”). Its purpose is to induce the 
reader to think carefully about what he reads. Answer the ques- 
tions as best you can and return this sheet to us (2 cents postage). 
We want these answers in order that we may know what interest 
you are taking in the Reading-Course and how much good you are 
getting from it ; and we want to help you when you do not under- 
stand the problems involved. We are after results, and do not 
care about the handwriting nor the grammar. These answers are 
for our own examination and will not be made public. Do not be 
afraid to say, “ I do not know.” We shall be glad of any com- 
ments on these lessons. Those who answer the questions will receive 
Suture lessons. 


1. What is a food 2 


2. Why do all animals need food ? 


3. Is there such a thing as an all round food? Why ? 


4, Why will it pay to give a cow more food than is needed to 


keep her alive ? 
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5. Are some foods better adapted for making milk than others ; 
some for making fat ? 


6. Does a man usually require as much food when idle as when 
hard at work? Why ? 


7. Do you suppose it makes a student or business man as tired to 
think hard all day as it does a farmer to work hard all day? Why? 


8. If both must have food, do they need different kinds ? 


9. Have you ever tried feeding different kinds of foods to your 
stock in order to find out which gives the best results ? 


10. Did you ever ask the Experiment Station to help you in 
this? 


11. Have you found any difference in results in feeding clover 
and timothy hay ? 


12. If so, for what special purpose do you think each best 


adapted ¢ 
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13. Is water a food 2 


14. Why does a hog suffer less from the cold than a horse? He 
has not as thick a coat of hair as the horse. 


15. If you wish to fatten a farrow cow for the butcher what 
would you feed her ¢ 


16. What would you feed a new milch cow ? 


17. What is the difference between a balanced ration and an 
unbalanced ration ? 


18. Do you feed your farm horses the same kind and amount of 
food in winter as in summer? Why ? 


19. What is animal manure 2 


20. Will it pay a farmer to work out the nutritive ratio of his 
feed-stuffs? Why ? 


21. Give an example of how you would do it ? 
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22. What is a maintenance ration 2 


23. What is a productive ration ? 


24. Do all animals pay for their keep ? 


CORNELL READING-LESSON FOR FARMERS. 


Issued by the College of Agriculture, Cornell Univer- 
sity, Ithaca, N. Y., in the months of November, 
December, January, February and March. 


No.8. “January, 1900... A’ Farmer's 
View of Balanced Rations. 


BY S. W. FLETCHER. 


I have read your Lesson No. 7 on “ Balanced Rations for Stock,” 
and think I see why John succeeded and David failed. I believe 
that there is a good deal in what you say about feeding different 
kinds of food for different purposes. Cake and pie are all right for 
me when I go visiting, but I must have pork and beans when I am 
pulling a cross-cut saw. I notice, however, that you say corn meal 
is not good for feeding to milch cows. Now I have found that I 
can get most anything I want out of my stock if I have a well 
filled crib of corn. Can you tell me why your theories do not work 
in this case? I do not feel quite sure that 1 understand what you 
mean by “carbohydrates” and “ protein.” If you can, please be 
more plain. 
Very truly yours, 


a a | 


My Dear Sir: 

I am very glad you have asked about that corn crib. There are 
many other farmers who will not discard corn as the best grain for 
feeding all kinds of stock; and if I can make a convert of you I 
shall expect you to argue this point with all the corn farmers in 
your neighborhood. 

You have learned in Lesson No. 7 that there are only two kinds 


of food which the farmer needs to feed his animals in large 
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amounts. These are the muscle-makers (proteids, protein, albumin- — 
oids or nitrogenous substances) and the fat-makers (fats and carbo- 
hydrates). The chief oftice of the muscle-makers is to build up all 
parts of the body which have work to do, including, with the other 
vital organs, the milk machinery of a cow’s udder. They also enter 
largely into the composition of nearly all animal products, as hair, 
wool, eggs, lean meat and milk. The chief function of the fat- 
makers, on the other hand, is to supply the fuel from which the 
animal heat is maintained. They also supply, at least in part, the 
energy which enables the muscles to work and they enter largely 
into the composition of various products, particularly eggs and 
milk. Any surplus of these substances which the food contains 
may be and usually is stored up in the tissues of the body as fat. 
These statements show what usually takes place, but since the 
muscle-makers nay perform any of the functions of the fat-makers, 
it is more exact not to speak of these substances according to their 
functions but according to their composition and to refer to them as 
protein, and fats or carbohydrates, instead of muscle-makers and 
fat-makers. 

We might illustrate roughly the main point to this: problem of 
stock feeding by saying that a cow is something like a grist mill, 
and that her stomach is the hopper. A mill will grind out only the 
grist of what is put into the hopper; just so a cow in a large meas- 
ure will turn out fat or milk according to the food which we put 
into her stomach. Are you keeping a cow for milk? Then feed 
largely milk-makers. Are you raising a steer for beef? Then feed 
more fat-makers. Does not this seem reasonable ? 

Now let us see which among the different kinds of hays, grains 
and fodders that we commonly feed to our farm animals contain 
carbohydrates or protein in large amounts. The chemist takes all 
of them into his laboratory and treats them with chemicals for many 
hours. Finally he tells us that every one of them contains both 
protein and carbohydrates, but most of them are richer in one or 
the other. So we must not think to find our muscle-makers and 
fat-makers put up in separate packages, ready to be mixed as needed. 
They are combined in different proportions in all kinds of feeding- 
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stuffs. The chemist finds out what these proportions are, so we can 
tell at a glance for which purpose each kind of grain or hay is more 
valuable, whether for fat or milk. 

In Bulletin No. 154 of the Cornell Experiment Station, on pages 
142 to 152 you will find a table which shows the amount of protein 
and carbohydrates which different hays and grains contain. In 
order that you may understand more clearly what the different 
columns of figures mean, I will copy a few and explain them 


here: 
Pounds of digestible nutrients. 
Kinds and amount of feed. Robe ee Carbohy- : pene, 
Protein. | drates + Total. 
(fat 2.25.) 
Cora; Add: ayentsici a9 ese .89 .079 764 .843 ica Ee 
Wheat bran, 1 lb............ .88 122 453 575 1 +3.7 
Timothy hay, Vib) 2.62 8.: 87 .028 465 493 1:16.6 
Réd¥clover/ Mbsxsin). Als: 85 .068 396 464 1 :5.8 


Suppose you take a pound of your corn meal to the chemist and 
ask him what is its value for feeding to stock. He will first heat it 
to dry out all the water, for you already know that a large part of 
all plants and animals is water. Nearly a seventh of this corn meal 
is water; so that after being dried for several hours only 89 parts 
are left of the original 100. Thus, in the first column, called 
“ Total dry matter,” you will find .89. 

The chemist then takes this perfectly dry corn meal now left from 
the original pound and treats it with his chemicals. In the 89 parts 
he finds that 7 parts are muscle-makers and 76 parts are fat-makers. 
Of the remaining 6, a part is mineral and helps to make the bones 
of the animals; others are indigestible and are discarded. In the 
second column, headed “ Protein,” he puts the muscle-makers, .079 ; 
and in the third column, headed “ Carbohydrates,” ete., are the fat- 
makers. The fourth column, headed “ Total,” is simply the sum of 
both muscle-making and fat-making foods. It shows that out of 
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every 100 parts of corn meal the animal can use .84. These are 
called digestible nutrients.* 

You hear much about the “nutritive ration” in stock feeding, 
and, perhaps, have been puzzled to find out just what it means. I 
have told you that most feeding-stuffs contain both muscle-making 
and fat-making food, but in different proportions. The “nutritive 
ratio” of the chemist is simply the proportion or ratio between the 
protein and the carbohydrates. Take your corn meal, for instance. 
It has 7 parts of muscle-making food and 76 parts of fat-making 
food. This would be the same as 1 part of muscle-making food to 
about 9 of fat-making food. In the last column of the table, there- 
fore, you will find 1:9.7, which is simply the comparative amounts 
of the two kinds of foods. The two dots between the 1 and the 9 
show that one food is being compared with the other. It is very 
important that you should know what the nutritive ratio is, for you 
will need to use it when selecting materials for making a balanced 
ration. 

One reason why John’s cows gave more milk than David’s was 
because he fed them with wheat bran instead of corn meal. Let us 
see how much protein and how much carbohydrates the chemist finds 
in one pound of wheat bran. I have put his figures under those for 
corn meal so you ¢éan compare the two easily. Do you not see that 
the bran has 12 parts of muscle-making food, or nearly twice as 
much as the meal? Also, that it has over a third less of fat-making 
food? The proportion, or nutritive ratio, for wheat bran is, there- 
fore, 1: 3.7, since it contains 1 part of muscle-making food for every 
37, parts of fat-making food. 

Here, then, is my argument: The wheat bran which John fed his 
cows was nearly two times richer in muscle-making food than the 
corn meal which David fed. Most muscle-making food is also 


* As a matter of fact, the column headed ‘‘ Carbohydrates” is made up of both 
carbohydrates and fats in food, the fat having been multiplied by 23. This is 
done solely as a matter of convenience in computation. The function of carbo- 
hydrates and fats is identical, but fats will evolve 2} times as much heat as carbo- 
hydrates; therefore, the percentage of fats has been multiplied by 24+ and added 
to the carbohydrates. 
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-milk-making food. Do you wonder, then, that David’s cows soon 
began to grow fat and dry off? They were starving for muscle- 
makers, though glutted with fat-makers. That well-tilled corn crib 
of yours will make you lose many a dollar in the same way if you 
trust to it entirely for feeding your milch cows. David fed timothy 
hay. John fed clover hay. The table tells us that clover hay has 
nearly three times as much muscle-making food as timothy hay and 
almost as much fat-making food; yet you will pay $12 a ton for 
timothy and feed it to your dairy cows, when clover can be bought 
for $9. Is there profit in this ? 

I have nothing against your corn crib, ¢f you will only use wt 
wisely. I have tried to show that corn is a fat-maker; yet you feed 
it alike to shotes and hogs, team horses and roadsters, broilers and 
laying pullets, milch cows and fattening steers. You say that you 
can get most anything you want out of your stock with corn. Have 
you had anything to compare it with? How do you know that 
you could not get better results with another ration? Suppose you 
make your farm a little experiment station by feeding John’s ration 
to part of your cows, and David’s to the remainder. Or take four 
fresh cows giving about the same amount of milk a day, and feed 
John’s ration to two and David’s to the other two. I know it is 
rather hard to see how the figures in these tables are going to make 
differences in the milk pail; but if yon can see what goes into the 
manger and what comes into the pail you will doubt no longer, for 
most every man believes his own eyes. Try it! I shall be pleased 
to hear the results of your own experiment. 


To this the correspondent replied essentially as follows: 

I think I begin to see into this feeding problem more clearly. 
What you want me to do is to prevent a waste of food, do you not ? 
If I am keeping cows for their milk you want me to feed a ration 
which will make milk, and not be wasted in making fat. To feed 
with the milk-making food a lot of fat-making food which is not 
needed would be poor economy. 

There are a few things in those tables which I do not understand 


yet. What has that first column, called “ Total dry matter,” to do 
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with this feeding question. I cannot see where it comes in at all. 
Again, you said in Lesson No. 7 that animal manure is that part of 
the food which the stomach cannot use. I do not see where the 
chemist has made any allowance in his tables for the undigested 
part of the grain and hay which we feed. Just one more question. 
You have shown that there are two sides to this feeding problem: 
one is, what the animal needs; the other is, what the food supplies. 
Now how am I to know what and how much my animals need ? 


How did John know ? 


My Dear Sir: 

You are a shrewd farmer. It is a pleasure to answer the ques- 
tions of a man who takes such an intelligent interest in the subject. 
I wonder if it would be more plain to you if I should say ‘“ bulk” 
instead of “total dry matter.” It is possible to put all the nourish- 
ment in the food which you eat during a day into a few very small 
tablets. Do you not think this would be a great saving of time and 
labor? You could eat the tablets while at work aud would not need 
to stop for dinner. But how long would you live on such a diet? 
In the same way you could feed all the muscle-making and _fat- 
making food which your cows need in a comparatively small amount 
of gluten feed and corn meal: but you know the cows would not be 
likely to thrive long on such high living. The reason in both cases 
is that the food of most animals must be bulky enough to distend 
the stomach and give the digestive organs plenty of room to work. 
It is natural for a cow to eat a large amount of coarse fodder, much 
of which is indigestible and is cast off as manure. In selecting a 
ration for animals, therefore, one of the very first things to look out 
for is to make it bulky enough ; and the column of “dry matter” 
will help us in this. We usually depend upon hay and fodder for 
most of the bulk of the ration and add grains to make it concen- 
trated enough for our purpose. There is also a danger of making 
the ration too bulky. Clover hay alone is nearly a balanced ration 
for milch cows; yet the cows would have to eat so much of it in 
order to get all the food they need that their stomachs would be 
unduly distended. Have you ever noticed how “ pot-bellied” a 


horse gets if fed on hay alone? 
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I am glad yon have brought up the point that the figures of the 
chemist only tell how much muscle-making and fat-making food the 
material contains. He cannot find out in the laboratory whether or 
not the animal can use it all after it is taken into the stomach. We 
must make feeding experiments with the animals themselves. This 
point has been carefully studied for many years and we now know 
approximately how much of the two foods in our common feeding- 
stuffs the animal can use. You will notice that over the columns of 
fat-making and muscle-making foods in the table is “ Pounds of 
digestible nutrients.” This means that the figures given are not the 
whole amount of food in the feeding-stuff, but only that part which 
the animal probably can use. In making up your rations, therefore, 
these figures may be taken as they stand without deducting anything 
for waste. 

On page 140 of the bulletin you will find a table of “ Feeding 
Standards ;” or the average amount of food which many experi- 
menters have found to be best suited for making milk, beef or for 
other purposes. I will copy three items in it te show you how the 
table works : 


| Digestible. 
| Dry Iz 4 reel | Nutritive 
| matter. Carbo- | | ratio. 
Protein. hydrates | Total. 
| and fat. 
ie : | 
Lbs. Lbs. Lbs. Lbs. 
Oxen at rest in stall......... 17.5 0.7 8.3 9.0} 1:11-9 
Oxen heavily worked....... 26.0 20 iad fa BS dl au eal Ue 
Milk cows, Wolff’s standard..| 24.0 2.5 | 13.4 15.9 1:5.4 


Here is a good illustration of the fact that animals which are 
hard at work need a liberal supply of muscle-makers. The table 
shows that oxen in the stall need only 17 pounds of feed a day 
(that is, after the water has been dried ont of it), while those in the 
yoke need 26 pounds. But the difference is not only in bulk; it is 
also in composition. Oxen at rest can get along with only seven- 


tenths of a pound of muscle-making food a day, while oxen at work 
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need three and one-half times that amount. On the other hand, 
oxen on the cart need but three-quarters more fat-making food than 
oxen in the barn; so that while a working animal requires one 
pound of muscle-making food to every six pounds of fat-making 
food, his idle brother can get along very well with a ration having 
a nutritive ratio of one to twelve. Since there is this difference in 
the needs of working and idle animals, do you not think it would 
pay to make a difference in what you feed the two, beside in mere 
amount ? 

Now compare the needs of a milch cow with those of a working 
ox. You see they are nearly the same all the way through, and yet 
the cow may be standing in the barn all day. Why should she need 
as much muscle-making food as the great, brawny ox, straining in 
the yoke? I have told you the reason before: it is because milk- 
making is accompanied by great activity of the vital organs of the 
cow and also because milk itself is very rich in muscle-making food. 
In order to give a good pailful, the cow must have enough material 
on hand to do the work. 

In Table [ of Bulletin No. 154, you will learn what the animal 
needs; in Table IT you will find what the different hays and grains 
supply. I think you will have no difficulty in making up your ani- 
mal rations from these two tables. 


Again he replies : 

Those “ Feeding Standards ” figure out well on paper, but I am 
wondering how they will work in the stable. I have two horses: 
Cherub, who is always plump and good natured, and Spider, who is 
always lean and vicious. I call Cherub an easy keeper and Spider 
a hard keeper; for although both do the same amount of work and 
get the same amount of feed, Cherub is fat and jolly while Spider 
shows both ribs and temper. Some of my cows are the same way. 
With such differences in animals, I do not see how you ean show 
your tables to be of much value. 


My Dear Sir: 
What you say about the differences in the producing power of 


animals is very true. It would not do to lay down a general rule 
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that all ten-year-old boys need four pieces of bread and meat for 
supper. Their needs are different because the boys are different; 
not only in appetite but also in the ability to digest food. I cannot 
tell you just how much food your milch cow needs because I do not 
know the cow. What I can do, however, is to tell you the amount 
of food which has given the best results for many other milch cows, 
and which will probably be somewhere near what your cows need. 
These feeding standards are not rules, but hints. The skill of the 
Seeder may be measured by his ability to find out how far the needs 
of each animal will warrant a variation from the standard when 
feeding that animal. You would not give a snap for a hired man 
who does everything by rule of thumb. I want you to come to this 
table for suggestions, not for directions. Do not follow it pound for 
pound, but vary the amount with each animal according to its appe- 
tite and ability to use food. 

The above teaching shows what ts likely to take place. Every 
animal is a law unto itself. The farmer must experiment with his 
animals. The above remarks will set you to thinking on the sub- 


ject, and that is the most that we can hope to do. 
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CORNELL READING-COURSE FOR FARMERS. 


SUPPLEMENT TO LESSON NO. 8, JANUARY, 1900, ON 
BALANCED RATIONS. 


1. How many farmers in your neighborhood feed corn-meal for 
all purposes 4 j 

2. What and how much would you feed a fresh milch cow ? 

3. What is protein? Of what special use is it to the animal ? 


4. How is the body of an animal kept warm ? 


5. What kind or kinds of food must an animal have in order to 
do work ? 


6. What is a “nutrient” ? 


7. May any one hay or grain contain both the foods which the 
animal needs most¢ In the right proportions ? 
‘ 558 


2 


8. Explain why corn-meal is said to have a nutritive ratio of 
1: 9.7. 


9. If you are keeping cows for milk will it pay you to grow more 
clover and jess timothy? Why? 


10. Will you try the experiment suggested ? 


11. In what way is an unbalanced ration wasteful ? 


12. Why not feed animals grass alone ? 


13. Why not feed hay alone ? 


14. How much corn-meal can the animal use ? 


15. Why does a working animal need more food and often differ- 
ent kinds of food than an idle animal 


16. Do you think it would be practicable to make a difference in 


what you feed the two? 
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17. Have you any “ hard keepers”? Among what animals ? 


18. What makes them hard keepers? 


19. Could you make up a balanced and economical ration from 
the tables, which would be so unpalatable that the animals would 
not eat it? 


20. Can you make more than one balanced ration for milch cows 
from clover hay, timothy hay, corn-meal and wheat-bran? Give 
examples ? 


21. Which would be cheaper ? 


22. Which would the cows relish most ? 


Answer, and return to 
farmers Reading-Course, 
Ithaca, N. Y. 
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No. 9. February, 1900. Sample Rations 
for Milch Cows. 


BY LEROY ANDERSON. 


In Lesson No. 8 we learned that a daily ration for a milch cow 
(weighing 1,000 lbs.) should contain about 24 lbs. of dry matter, of 
which the 2.5 lbs. should be digestible protein or the muscle-making 
food which the cow can use, and 13.4 Ibs. digestible carbohydrates 
and fat. The object of Lesson No. 9 is to show how this “ balanced 
ration” can be made from the many kinds of feed-stuffs which the 
farmer can raise or buy. 


Ration No. 1. An Ideal Ration. 


Let us first make a sample ration which may be taken as a type 
of what a milk ration should be. Suppose we have on hand corn 
silage, clover hay, buckwheat middlings, wheat bran, corn meal and 
cottonseed meal. The first thing to do is to guess, or estimate, how 
many pounds of each food the cow will relish ina day. The longer 
our experience in stock-feeding, the closer will be our guess as to 
the actual needs of the cow. Next we should find in Bull. No. 154 
(to be had for the asking) the amount of dry matter, protein and 
carbohydrates and fat in the quantity of each food which we think 
the cow will eat. From these figures we can work out the nutritive 
ratio of our ration. 

It has been the experience of many stock-feeders that a cow will 
usually eat and relish about 40 lbs. of corn silage per day. On 
page 143 of Bull. 154, this amount of silage is said to contain 8.4 
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Ibs. of dry matter, .36 of a lb. of protein, and 5.16 Ibs. of. carbo- 
hydrates and fat. An experienced feeder also knows that a cow 
will eat about 10 Ibs. of clover hay per day, in addition to the 40 
lbs. of silage. On page 144 of the bulletin, this amount of clover is 
found to contain 8.5 lbs. of dry matter, .68 of a lb. of protein, and 
3.96 lbs. of carbohydrates and fat. Adding together the dry mat- 
ter in both silage and hay we have 16.9 lbs., which is 7.1 Ibs. short 
of the 24 lbs. needed to make the ration bulky enough. This 7.1 
Ibs. of dry matter will be supplied in the grain. 

Nearly all grains are about nine-tenths dry matter, so that we 
shall need 8 lbs. of grain to make a ration of the proper bulk. It is 
generally a good plan to have two-thirds of the dry matter in a 
ration come from coarse fodder and the remainder from the grain. 

We have four kinds of grain in the bins, and the 8 Ibs. 
needed for the ration should be so divided among these four 
grains as to make a ration which will give the most milk. Sup- 
pose we use 3 lbs. of buckwheat middlings, which the chemist finds 
to contain 2.61 lbs. of dry matter, .66 of a lb. of protein and 1.368 
lbs. of carbohydrates and fat (page 148); 4 lbs. of wheat bran, con- 
taining 1.76 lbs. of dry matter, .224 of a lb. of protein, and .906 of a 
lb. of carbohydrates and fat (page 147); and 2 lbs. of corn meal, 
containing 1.78 lbs. of dry matter, .158 of a lb. of protein and 1.528 
Ibs. of carbohydrates and fat (page 145). This leaves only 1 Ib. 
of cottonseed meal to make the 8 lbs. of grain. This contains 
.92 of a lb. of dry matter, .3872 of a lb. of protein, and .444 of a 
lb. of carbohydrates and fat. Adding all of these figures together, 
we liave this table: 


Carbo- 
Dry matter. Protein. hydrates 
and fat. 
Lbs. Lbs. Lbs. 
40 bss corn silagers. fics s . ays oh 3 oe 8.40 .860 5.160 
LOM bsclowenhayer mint err 8.50 680 3.960 
3 lbs. buckwheat middlings. ..... ... 2.61 .660 1.368 
Dus gwieapNOTANs...creiictsren o.cusrercee 1.76 .244 906 ~ 
ZalDSScormmimedl |. 5 eects cence 1.78 .188 1.528 
1 lb: cottonseed! mealat,.4<)3..o. sus «5 clots .92 .ot2 .444 
Totals. 1th. LORIE MEQD. 10 ets. 23.97 2.474 13.366 
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This is a balanced ration for milch cows, because it contains very 
nearly the amounts of dry matter, protein and carbohydrates and 
fat which experienced feeders have found to give the best results. 
If the total amount of carbohydrates and fat (13.566) is divided by 
the total’ amount of protein (2.474), the result is 5.4. Thus for 
every lb. of protein there is 5.4 lbs. of carbohydrates and fat. In 
other words, this ration has a nutritive ratio of 1:5.4; which is the 
ratio suggested on page 140 of the bulletin. 

The nutritive ratio of a ration for milch cows need not always be 
1:5.4. It may vary from 1:5 to 1:6, or even wider and still give 
good results in some cases. But since rations with a nutritive ratio 
of 1.5 to 1.6 have been most successful in the past, it would be good 
policy for every farmer to so combine his feed-stuffs that the nutri- 
tive ratio will come between these limits. 

This ration will be eaten with a relish by most cows and will 
make them give a good flow of milk. Others may not do so well 
and a change may help them. This is because the stomachs of cows 
vary just as much in their power to digest food as do the stomachs 
of men, which was brought out in the last paragraph of Lesson No. 
8. Here is where the Experiment Station man cannot help the 
farmer much. All he can do is to suggest a ration which has given 
good results with many cows, but which may not give good results 
with some cows. Jf a man is to feed his stock intelligently and 
economically, he must learn the needs of each cow, and how far he 
should depart from the regular balanced ration in feeding her. 


Fation No. 2. 

One man writes, “ The ration you give is all right for the man 
who has those feeds, but I do not have them and cannot afford to 
buy them. I have ground oats, corn meal, mixed hay and corn 
stover (stalks). Can a balanced ration for milk be made from these 
without buying other feeds?” 

Estimate how much of each feed a cow can eat daily, and then 
look in Bull. 154 for the amount of dry matter, protein, and car- 


bohydrates and fat in each. This gives the following table: 
563 


j Carbo- 

Dry matter. Protein. hydrates 

and fat. 

Lbs. Lbs. Lbs. 

12 ibS sCOnnystOVer wane cee moe aoe 7.20 .204 4.080 
1LOMbstimixed hays: ei. assess SALES ES: 8.70 .620 4.600 
Ac\ PS COL: MeAalisc.- pies Seek en sR cece 3.56 .316 3.056 
OLDS eTOUNM OAUS ca eee cca ce © roe 4.45 460 2.840 
Totals has onde tines shits Reece 23.91 1.60 14.576 


The ration is bulky enough, for it contains nearly 24 lbs. of dry 
matter; but it needs another pound of protein, and has a pound too 
much of carbohydrates and fat. Its nutritive ratio is 1:9.1, which 
is far too “ wide.” Uad we known beforehand the nutritive ratio 
of ‘each of the feeds, we could have told at once that they cannot 
possibly be combined in any way to make a balanced ration for 
milch cows. The nutritive ratio of each feed is given in Bull. 154. 
That of corn stover is 1:19.9; of mixed hay 1:7.4; of corn meal, 
1:9.7; of oats, 1:6.2. Since even the most concentrated of the 
four feeds has a nutritive ratio of only 1:6.2, no balanced ration 
for milk can be made from these materials alone. We must put in 
some other feed with a very “narrow” nutritive ratio to make the 
ration balanced. 

On page 150 of Bull. 154 is given the composition of three feed- 
stuffs which are often fed to stock, all of which are very rich in 
protein. These are old and new process linseed oil meal and cotton- 
seed meal. We need about 3 lbs. of one of these to make our wide 
ration as narrow as it should be. It is not wise to feed a cow 3 Ibs. 
of oil meal per day, because this grain has a laxative effect on the 
animal. On the other hand, too much cottonseed meal has a con- 
stipating effect on the animal and tends to make hard and tallowy 
butter; but 3 lbs. per day ought not to produce any bad effect. Let 
us see what this quantity will do towards balancing the ration: 
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Carbo- 
Dry matter. Protein. hydrates 
and fat. 
Lbs. Lbs. Lbs. 
al bSe COLNOStOViED. «cia shia isisi ss ov weieece ho 7.20 .204 4.08 
10 lbs. mixed hay.. .......... COPA ear 8.70 .620 4.60 
ELS a COREA wd ays ne, oi lisver cise sucasus cosueas 2.67 way | 2.292 
DLUSEYOUNG ORES. cS ct case see sce cs 2.67 276 1.704 
Bulbs. cottonseed: Oil s.s2hs ecrsces eyays pe sk = 2.76 1.116 1.332 
LRG) ae ei ee ee ee eee 24.00 2.453 : 14.008 


Here the bulk remains the same, the protein is increased nearly 
2.5 Ibs., and the carbohydrates and fat are decreased over one-half 
pound. The nutritive ratio of this ration is 1:5.7, which is 
within the limits suggested at the beginning of this Lesson. If it 
is found that the 3 lbs. of cottonseed meal constipate the cows, one 
pound might be replaced by a pound of linseed oil meal. 

Protein can usually be bought cheaper in cottonseed meal than in 
linseed meal, but both are expensive. Perhaps this man can buy 
some cheaper feed which will do as well. Suppose he tries buck- 
wheat middlings, which have a nutritive ratio of 1:2.1. He must 
use 5 lbs. of middlings to supply as much protein as the 3 lbs. of 
cottonseed meal. Then he can feed but 4 lbs. of corn meal and 
ground oats, because the bulk of the ration must be kept down to 24 
Ibs. Since it is for his interest to feed these two grains of his own 
raising as much as possible, it may be cheaper in the end to buy the 
feed which will give the most protein, that is, cottonseed meal. 


Ration No. 3— A Corn-Stalks Ration. 


Another man says, “I have plenty of corn fodder and ear corn of 
my own raising. I can buy clover hay for $13.00 per ton, wheat 
bran for $19.00, wheat middlings or red dog flour for $21.00, 
cottonseed meal for $30.00, linseed meal for $30.00 and mixed feed 
for $18.00. What is the cheapest balanced ration for milch cows 
which can be made from these materials ?” 

Some of these feeds should not be used at all in this case: linseed 
meal, because it is too costly, mixed feed because one never knows 


what it contains, wheat middlings and red dog flour because the 
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protein in them costs more than the protein in wheat bran. Mixed 
feed is made up largely of wheat products, as bran middlings, and 
refuse from other grains, as oat hulls. It may also contain sweep- 
ings from the mill, whole grains, dirt, ete., and can never be relied 
upon to be uniform in quality. Clover hay is very valuable for 
milch cows, but since it costs this man so much it must be used 
sparingly. As he wishes to use his own corn fodder, the following 
ration is suggested : 


Carbo- 

Dry matter. Protein. dydrates 

and fat. 
Lbs. Lbs. Lbs. 
OOMDSHCOLnNtOd dete alee he tee 11.60 .500 7.460 
odlbs. clOwershaysiin..20). 2 oe. 4.25 840 1.980 
So lbswheat Oran: 245 ances Sacer fee 2.64 .866 1.359 
PMIDStRCOMMPICA wee nee nrerarce come ecto 1.78 .158 1.528 
3 lbs. cottonseed, meéals.cqacch-t5 bere 2.76 1.116 1.382 
PROTA soph aha testis «eke Manel ee oe 23.03 2.480 13.659 


This ration has enough protein and carbohydrates and fat, but the 
dry matter is one pound short. It is not necessary to make any 
change, however, since the ration is otherwise very good, having a 
nutritive ratio of 1:5.5. If the appetites of the cows warrant it, one 
Ib. of corn meal may be added to the ration with good results. It 
will be noticed that the table of feeding standards on page 140 of 
Bull. 154 is for an animal weighing 1000 Ibs. It is not always 
necessary to subtract from or add to this standard ration, according 
as a cow weighs less or more than 1000 lbs. Experienced feeders 
have found that the appetite of a cow is a more important cause for 
varying the ration than the weight, although it is always well to have 
the size of a cow in mind when doling out her meals. 


Ration No. 4.— A Roots Ration. 


A different problem is presented by another man who has no home 
grown feed stuffs but mixed clover and timothy hay, and a quantity 
of mangels. He can buy oats for $20.00, corn meal for $18.00, 


wheat bran for $19.00 and wheat middlings for $20.00. 
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It is generally best to feed dairy cows at least three grains. 
Variety makes the ration more appetizing and also gives a better 
chance of securing a well balanced ration. Bran and middlings 
contain about the same amount of animal food, but since bran is 
cheaper it is more desirable for this man. The mangels will make 
this a better ration in some respects than any of the preceding, 
because they add succulence to the ration. 

The tables in Bulletin 154 tells us that bran is the only feed-stuff 
mentioned by this farmer which has a nutritive ratio of less than 
1.6, the usual limit of a successful ration for milch cows. It would 
be difficult to make a balanced ration from these materials without 
using a large amount of bran in order to supply enough protein to 
make up for what is lacking in the hay and mangels. Unlike 
cottonseed meal and linseed meal, large amounts of bran are not 
likely to injure the health of the animal. But it is too bulky to be 
fed at the rate of 9 or 10 Ibs. a day, and the ration would also lack 
variety. It will be far better and cheaper for this man to buy 
another feed which is rich in protein, as gluten meal. (Bull. 154, 
p. 149.) Gluten meal should never be fed in amounts over 4 Ibs. a 
day, and even that is more than some cows ought to have. It can 
usually be bought at about the same price as middlings, and its feed- 
ing value is much greater. The ration we suggest is this: 


Carbo- 

| Dry matter. Protein. | hydrates 

and fat. 
Lbs. Lbs. Lbs. 
Pens ME RCOR UDG o.oo ok nigtins dcinle-w oe 15.66 1.116 8.280 
ao"bs.-mangels--.2 cose 06) ues. pes dees 2.70 3830 1.680 
HRS: COLMh MEA] oS, ald 3 sede: ee .89 079 .764 
ISR ORUS Al ccp-Pentt evaro w/a fede R BEER «6.000 1.78 .184 1.136 
mis. wheat) Drabps...<0% 08 + «eyacts « - 1.76 .244 .906 
aes. Sluten meals... -.2...-g56..... 1.84 516 1.312 
LRG) RW NGI ee yee fT aR a Ea mea os Ae ea 24.63 2.469 14.078 


This is a well balanced ration, with a nutritive ratio of 1:5.7. 
We have used a larger proportion of coarse fodder and less of grain 


than in the other rations, because this man must buy. 
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Ration No. 5.— A Silage Lation. 


Another enterprising farmer says, “I believe I can provide a suc- 
culent food cheaper in the form of corn silage than in roots. How 
much of it shall I feed? I have clover hay, corn and cob meal and 
peas. I can buy wheat bran, gluten feed and buckwheat middlings. 
How shall I put them together.” 

Corn silage certainly is a cheaper form of succulent food than 
roots. It also has much more food value per ton than roots. A 
cow will eat and relish 30-40 lbs. of good silage a day. It is not 
usually advisable to feed silage more than once a day, unless there 
is a large supply of silage on hand and but little hay. In such eases 
about 30 Ibs. of silage may be fed both morning and night, and as 
much hay as the cow will eat at noon. Our cows do well when fed 
only twice a day: hay in the morning and silage at night. Mix the 
grain of the ration with the silage. . 

There is no advantage in grinding the corn cob when plenty of 
coarse fodder like hay and silage is on hand. Cob should be fed 
only when it is necessary to supply a lack of coarse food. Cob has 
very little value itself as a food; it merely gives bulk to the ration. 
But since this man already has the cob ground, we will put it in his . 
ration. The feed stuffs which he has on hand are rich in fats and 
carbohydrates, but are poor in protein, so we will buy buckwheat 
middlings instead of gluten feed, because they contain more protein. 
This ration is suggested : 


| Carbo- 

Dry matter. | Protein. hydrates 

and fat. 
Lbs. Lbs. Lbs. 
AGMDS COM SIIACE ce ies seal eee cs ed 8.40 .3860 5.160 
Silbsscloventhavg eshte ae ucla 6.80 044 3.168 
obs COnneanducopimMealemerice nieve 2.55 182 1.995 
Sflbs. ground Peasy.G. 0h... peepic.s ae 2.70 004 1.602 
2 bse wiheatpbrams fxs sis tstere <1 ok 1.76 244 .906 
2 lbs. buckwheat middlings........... 1.74 440 912 
Totals es ie Gr racisoe eee nec eyepiece 23.95 2.224 13.7438 


We have tried to use as much of his home-grown grain as possi- 


ble, and in doing this have made a ratio which is a little short in 
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protein. It has a nutritive ratio of 1:6.2, which is wider than the 
limits suggested, but which might give good results in some cases. 
However, the ration can easily be made narrower without buying 
any more feed. Notice that the corn and cob meal is very poor in 
protein, while the peas contain even more protein than wheat bran. 
By feeding one pound more of peas and one pound less of meal the 
nutritive ratio would be 1:5.38. 


L. H. BAILEY, Chief, 
JOHN W. SPENCER, Deputy Chief, 
Cornell Reading-Course Bureau. 


569 


CORNELL READING LESSON FOR FARMERS. 


Issued by the College of Agriculture, Cornell Univer- 
sity, Ithaca, N. Y., in the months of November, 
December, January, February and March. 


Entered at the Post Office at Ithaca, N. Y., as second-class matter under act of 
July 16, 1894, 


iNaeto. « Wlarch, .1qoo.,, beter s, Ldea.ot 
Improving ‘Worn-QOut” Lands. 


BY JOHN W. SPENCER. 


It was near to the shortest days of the year that I fulfilled a prom- 
ise to attend a Grange meeting to be held in a small town in Western 
New York. I arrived in Rochester the night before, in order to be 
able to catch the early morning train. As I passed the Douglas 
monument in the early gray of the morning, with hat drawn low on 
my head and ulster turned up to protect my ears, the sharp frost 
sifted through the air like ashes and the snow creaked beneath the 
wheels of the early wagons. I wondered what I should say at the 
meeting. 

The village was a typical country hamlet. It contained neither 
wealth nor squalid poverty. No one of its inhabitants could meet 
with a misfortune without receiving the sincere sympathy of all. 
The public buildings were a school house, a church with a horse 
shed, a blacksmith shop, and a store carrying a stock of goods of 
such completeness as to remind me of the multum in parvo jack- 
knife which an uncle once gave me. I wondered the more what I 
should say. Would I find good farmers here ? 

The meeting was a forenoon and afternoon affair in the Grange 
hall over the store. The hall had a dining room and kitchen annex, 
much to my welfare. In the early part of the afternoon session, I 
noticed among the faces that seemed interested in the discussion, a 
middle-aged man with full beard, blue flannel shirt and felt boots. 
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He sat on the front bench, and I soon decided that he was not one 
of those who had come into the hall just to get warm. I tried to . 
draw him out and soon had him asking questions. At the close of 
the meeting I accepted his invitation to spend the night with him. 
I took note that others addressed him as Peter, and I called him 
Peter also. When he drove up to the store for me in a two-seated 
democrat, a woman sat on the back seat. No introduction being 
given, I inquired if she was Mrs. Peter and she informed me that 
she was. What could these people know about scientific farming? 

But this was the beginning of a cordial and what has been to me, 
a very profitable acquaintance. To this day I address them as Mr. 
and Mrs. Peter and the two children as Repeaters. 

During that afternoon I had done most of the talking ; but after 
supper, Peter began to talk, having confidence from being beneath 
his own roof. Then it was that he told me his experience in restor- 
ing the fertility of “* worn-out” soils. I found that Peter was wise 
in the ways of the farm, and I gladly became the listener. Follow- 
ing is substantially what Peter said : 

“Before I began thinking much abont plant-food 1 had a vague 
idea that it lay in the soil like salt or sugar, to be dissolved by water 
and sucked up by the roots of plants; I thought that when it was 
all dissolved the soil was exhausted; and that if I wished to raise 
another crop I should be obliged to cart on to the soil whatever 
plant-food my crop might require. When I was asked why mullein 
and rag weed will grow where our common farm crops cannot, I 
explained it by the theory that weeds use different kinds of plant- 
food than farm crops. 

“Tt was a great revelation to me when a reading lesson showed 
that even ‘worn-out’ soils may have enough plant-food to grow 
many crops if it can only be put in such form that plants can use 
it; also that all plants require about the same kinds of food although 
varying a little in the proportions. The idea that plants differ in 
their ability to digest or use food set me to thinking. The illustra- 
tion which it gave, that a goat will thrive where a Jersey cow will 
fare hard, explained a great deal to me and led me to see that weeds 
are*the goats of plant life, since they will thrive where many other 
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“ Another idea that I pondered over a great deal was the state- 
ment that tillage makes a soil more fertile. Experience lad taught 
me that the better I prepared my corn ground and the more I culti- 
vated, the better the crop; but I had supposed that this was merely 
because the soil was made more mellow and the roots had a chance 
to spread out further in the soil. Little by little 1 have come to 
understand that good tillage helps to make digestible, or available, 
some of the tough plant-food which lies in the soil. 

“ When you published your first three lessons on the soil and its 
fertility, I wish you had directed the printer to put in large letters 
the idea that the soil 7s a laboratory which must be kept in good 
repair, so that ‘chemical activities, as you say, can go on rapidly 
and unlock the locked-up fertility. You ought to have made more 
clear that it is my business to keep the laboratory in repair so that 
the ‘chemical activities’ can go on without hindrance. If you 
were to ask my idea of a worn-out soil, I should say that it is a case 
in which the farmer has let the soil laboratory go to ruin. If this 
is true, then the problem of restoring fertility is, How can I best 
put the laboratory in repair ? : 

“They tell me that soil is made of vegetable matter and rock 
ground into very fine particles, what I should call stone flour. 
Please let me say vegetable matter instead of organic matter, for 
that is the way I am in the habit of thinking. Yes, thank you for 
suggesting humus; I| suppose it means much the same thing. They 
also tell me that by much cropping this vegetable matter will grad- 
ually pass out. It came to me that this may become exhausted, 
leaving only the stone flour behind. Stone flour is next thing to 
clear sand and clear sand is next thing to a granite boulder. I can- 
not conceive much ‘ chemical activity ’ going on in a boulder. 

“Tf I am right in this, then the first step for me to take towards 
promoting chemical activities is to imitate nature and add more 
humus to the soil by plowing under green crops. I have been 
experimenting along this line for several seasons and in the main I 
think this is the first principle in trying to improve worn-out soils. 
I say ‘in the main,’ for usually one cannot carry a point by one 
idea. It seems to me that this often causes the failure of many 
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idea. It is comparatively easy to drive one horse, but when it comes 
to four or six there are a good many lines to keep at just the proper 
slack or tightness and there is a constant letting wp and taking out. 
As I said before, my experience of several seasons has made me 
firm in the belief that adding humus is the first and leading idea in 
the restoration to fertility of worn-out soils. 

“But I do not forget that there are a number of other things in 
this soil laboratory which should not be overlooked. In carrying 
on my experiments I find that I have more than one set of reins. 
to manage. One reading lesson showed us that the leading agents 
in this laboratory are moisture (not standing water), heat and air, 
and that these must be in the right proportions to have good results. 
Many soils are so made that these agents occur in about the right 
relations, and no artificial aids, as drainage, are needed ; yet the 
productiveness of the soils to-day is much less than years ago. I 
would advise those who intend to make experiments in restoring 
fertility to select, for first trial, land which has given paying crops 
at some time in the past, for it is probable that moisture, heat and 
air will be present in such soils in the right conditions. Right here 
I wish to warn everybody against trying to restore fertility on land 
that never was fertile. Restoring fertility is hard enough, say 
nothing about creating it. 

“The piece of land on which { have been making my experi- 
ments is part of a farm which I bought a few years ago. It 
has been rented and abused by tenants for many years. Brush 
grew in what were fence corners before the fences rotted, and there 
was a circle of weeds about each stump. It had been a long time 
since grass seed would catch on that land. Of late years the 
plowed land had been sown to buckwheat, and no crop was cer- 
tain without a liberal application of ‘phosphate.’ What was not 
under the plow grew up to ‘ poverty grass.’ My father-in-law tells 
me that before the war and mowing machines, he mowed grass in 
those fields shoulder high, and that timothy did not require reseed- 
ing for five seasons or more. 

I think my chances are good for getting those fields back to 
their early productiveness, without having them cost me more than 
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the price of good land elsewhere. But I have made some mistakes, 
mostly because I did not take into account all of the workers in 
my soil laboratory. My first mistake was in not seeing a difference 
in maintaining fertility and restoring fertility. On my small home 
farm I kept stock and for a number of years had used clover suc- 
cessfully in a short rotation. I found that the rules which worked 
all right in maintaining fertility there failed to restore fertility on 
the new place. In some respects it was like two horses begin- 
ning the spring work: one, well wintered and in good condition, 
will require a maintenance ration only; the other so poor and 
weak that it cannot digest enough food to furnish strength for 
its work and gain flesh at the same time. For two years I found 
that clover was a failure on the new farm because the land was 
too poor or too dry. I have my opinion of some of the agricul- 
tural advisers who would make clover a cure-all for all infertility. 
Many of these men have never tried it themselves, but simply 
repeat what they have heard other people say. You may put me 
down as saying that clover is of little use for beginning the restora- 
tion, although it is all right for maintaining it, and for adding fertil- 
ity when the soil has reached a fair degree of tilth or productiveness. 

“T cannot say that there is any one best way of adding humus to 
the soil. Conditions vary so much that no hard and fast rule can be 
followed. I have attended enough Farmers’ Institutes to know 
that many men go there expecting to be given a recipe on how to 
succeed in farming. This cannot be given any more than a recipe 
ean be given for making money by selling goods or making wagons. 
But I will tell you my experience: 

“On one of my worn-out fields I plowed and harrowed the best 
I could, aiming at the ‘onion bed’ quality of tillage. On this land 
I planted fodder corn in drills, and let only one-half or one-third as 
many stalks grow as I would on the strong soil of my home farm. 
Before planting I applied commercial fertilizer with a liberal hand 
to give the corn a start. I gave frequent cultivations until the corn 
was waist high, and at the last cultivation sowed rye between the 
rows. In the following spring the rye was plowed under just about 
the time it began to stalk up and before it had made any head. 
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“My experience in using rye for adding humus to the soil has 
been considerable and for two seasons I have made the mistake of 
letting it head out before plowing it under. In this condition it is 
stubborn stuff to rot, and lays in the soil like very fine brush. 
Instead of being a benefit to the soil it isa nuisance. The quality 
that makes rye straw wear well as bedding is a detriment when the 
straw is plowed under. It is an easy mistake to let rye get too far 
grown before plowing it under. May is a farmer’s busy month and 
he finds many things which ought to be done first. When rye has 
reached a certain stage it heads out very quickly, particularly if the 
weather suddenly becomes dry. You look the field over one Sun- 
day and think it will be safe to leave for a few days and by the 
next Sunday it will be too far advanced to bring satisfactory results 
if plowed under. 

“The first crop of corn fodder on my worn-out soil generally 
pays all the expense of fertilizers and cultivation, and the second 
crop is an improvement on the first. I am confident that this 
improvement is not all due to the humus added by the rye, but ts 
also the result of good tillage. ow much of it is due to tillage I 
have no means of knowing; but I wish that all restoration crops 
could be hoed crops. When once the fertility of a field has reached 
a point at which I can get a fair crop of clover, I feel that the resto- 
ration period has ended and maintenance period begun. Some 
farmers object to clover because of the frequent reseeding which is 
necessary, and expense of the seed. One point in favor of the more 
extensive use of clover is the short rotation which it necessitates, 
thus giving an opportunity for frequent seasons of tillage. I believe 
in a short rotation for either the restoration or maintenance of fer- 
tility ; for there is fertility in tillage. | 

“ Another way of adding humus is to sow Canada peas and oats 
as early in the spring as the land can be worked. This involves 
more expense and brings no return in money for the first year, but 
it will generally improve the land ‘sooner than fodder corn and rye. 
Before sowing an ‘onion bed’ preparation should be given. Com- 
mercial fertilizers may be used as a starter. This crop may be 
turned under in late June and another humus crop can immediately 
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follow. The cow pea, which is no pea at all but a bean, and very 
tender to frost, can also be sown for this purpose. Personally I 
have had no experience with the cow pea, but praises of its merit 
come from so many reliable sources that I intend to give it a trial 
the coming season. 

“ How many seasons will it take for land to pass from the resto- 
ration to the maintenance period? I do not know. Very much 
will depend upon how low the fertility is in the soil when you 
begin. With fair nursing I have usually been able to get a paying 
crop on my own fields the second season, and on the third I have 
put the land to the clover test. Sometimes the catch of clover on 
the third year has not been satisfactory, and I have had to wait 
until the fourth, but in case of failure Z never allow the land to 
remain idle. J have something growing that will make humus, 
whatever may be its fertility. On my home farm I always sow rye 
after taking off a crop of sowed grain, provided the field is not 
already seeded to clover. Rye sown after potato digging will 
endure the winter and give something to turn under in May. It 
usually pays me to sow clover between the rows of corn at the last 
cultivation. Crimson clover also is much praised for this purpose 
and I have found it good; but I am surprised how well the common 
red clover will do. When sown during the last half of July it does 
not make as much fall growth as the crimson but it forges ahead in 
the spring. 

“These are some of my methods of keeping the soil hustling: 
always growing a crop for me or for itself. But these are not the 
only ways of adding humus. Every farmer must judge for him- 
self what will be the best way to imitate nature’s way of making 
soil, by adding humus to stone flour. One point I wish to make 
emphatic ; that is, the humus should be added only in small quanti- 
ties. I have told you my experience in plowing under rye after it 
has headed out. I have heard that if a large green crop is plowed 
under there is danger that it may make the soil sour, particularly 
during the hot summers of the south. Of this I have had no 
experience. I have tried sparingly of lime, plaster and salt. In 
one of your leaflets you said that these are not direct fertilizers, 
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since none of them supply nitrogen, phosphoric acid or potash to 
the plant, except indirectly, by making what is already in the soil 
more easily digested. My idea is that results from their use are not 
at all uniform, and where marked improvement follows it is due to 
local conditions in the soil. 

“The part that commercial fertilizers play in my experiments is 
like that of kindling wood in starting a blaze. When planting corn 
fodder on my worn-out fields I used what the manufacturers call a 
complete fertilizer, supposed to contain the three elements of plant- 
food which are needed most. When clover becomes a fairly sure 
crop, I know that the field has passed the restoration period and 
begun the maintenance period and I do not buy any more fertilizers 
containing nitrogen. The ciover supplies me with that. My opin- 
ion is that I do not need to buy much potash either. It may be 
necessary in orchards, but for field crops I fancy I can unlock enough 
of the potash already stored in the soil by first class tillage. What 
I need most and must buy is phosphoric acid. My fields have been 
under cultivation upwards of forty years and I find that I get best 
returns from money invested in dissolved phosphate rock. I am 
speaking from personal experience now, and would not make my 
practice a general rule for others. Every farmer must cut and try 
and think out these problems for himself. In my earlier experience 
in farming, I spent some good money in commercial fertilizer ; and 
when it brought me no returns, I blamed the manufacturer. It was 
not his fault but my own. That was before I became a tillage crank 
and put my hand in ‘onion bed’ condition. 

“Stable manure, when well cared for, is a friend that we can 
count on under nearly all conditions. The chemist tells us that it 
has only two to four dollars’ worth of plant-food per ton. Perhaps 
that is all it may have in his own laboratory, but it is often worth 
more than that in the soil laboratory. I think it has value far 
beyond the plant-food it contains, because it has power to put in 
motion those ‘ chemical activities’ of the soil which we have been 
talking about. It is the best thing to give clover a start when the 
soil is near the uncertain line between restoration and maintenance. 
If I can have from four to eight loads per acre when seeding I can 
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usually get a fair stand of clover. After turning the clover under 
and following with one hoed crop before seeding to clover again, I 
feel that I have about reached the top of the divide between restora- 
tion and maintenance. 

“T suppose a man who insists on exact use of words would object 
to the expression of a ‘dead’ soil, but it means much to a farmer 
who has stood between the plow handles for many years. By ‘dead’ 
I mean an absence of mealiness. It is a bad case when two to three 
crops of humus-makers will not make the soil mealy —I suppose 
you would say put in a friable condition. As I think of it, this 
friable condition is but another way of saying that the laboratory 
has been put in repair so that chemical activities can have full swing. 
No doubt the humus may have of itself some chemical action, but 
the repair of the laboratory is the main point with me. 

“ What time of the year would I begin restoration experiments ? 
I think that spring is the ideal time, but as a matter of practice I 
have begun mine mostly in the fail. It has come about this way. 
In the springtime I am hopeful, and I am inclined to excuse some 
of the past failures of a doubtful field as being due to unfavorable 
seasons. I think I will chance one more crop. But when harvest 
time comes, the results are the old story, and I find that there is no 
way but to begin the improvement of the condition of the soil 
laboratories at once. If the land has had a grain crop, I sow Canada 
peas and oats or barley immediately after harvest, using for kindling 
wood some commercial fertilizer. The peas and oats will grow 
until after frost, and perhaps remain green until it is too late for 
fall plowing; so I allow the vines to mat down under the snow and 
plow them under in the spring. If the land has had a hoed crop, I 
use my stand-by — rye; not because I think it the best, but because 
I can often find nothing else which will fit into the place and season. 
When my soil has got to the maintenance stage, 1 begin to feel asif 
I can think about using more freely of fertilizers.” 

We have given Peter’s story because we believe it contains in 
simple form three of the first principles of successful farming — 
good tillage, rotation, humus-producing manures. We want to start 


a movement for better tillage. Try an acre, or a few rows of a 
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potato field or corn field. Keep track of when you tillit. Tell us 
the results in the fall. Of course you will use judgment; one can 
overdo anything. But tell us whether you think we are right in 
believing that these three things — tillage, rotation, humus — are the 
very foundation stones of good agriculture. If we were to add a 
fourth it would be good business management; but begin this season 
for a new experience of these three, and let us know the results. 
We shall be glad if those farmers who contemplate trying these 
experiments in improving depleted soils, will write us so that we 
may register their names. We shall be glad to help them if we can. 


L. H. BAILEY, Chief, 
JOHN W. SPENCER, Deputy Chief, 
Cornell Reading-Course Bureau. 
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Seed “Travelers. 


ALICE G. MC CLOSKEY. 


Not many years ago, in a country which lies between the Baltic 
and North Seas, there dwelt a writer of stories named Hans Chris- 
tian Andersen. He called his native land a “swan’s nest,” and I 
think that he was the most beautiful of all the swans that ever rested 
there. Junior Naturalists should become familiar with the “ House- 
hold Tales ” written by this Danish author, for by reading them you 
will learn to take pleasure in some of the common things about you. 

How many of you have ever stopped to look at a burdock as you 
walked along a highway? I fear you think it is only a weed that 
could not possibly be interesting. Will you read Andersen’s story 
of “The Happy Family ” and find out how many delightful things 
he discovered by observing this common plant? If he had not 
noticed the burdock, he never would have seen the little white snails 
that lived beneath its broad leaves. 

For the first lesson this year we are going to ask you to study seed 
travelers. Do not think because they are small and easily found 
that they will have no interest for you. Some seeds are wonderfully 
constructed and have remarkable ways of journeying from place to 
place. They float on the water, are carried by the wind, and slide 
on the snow. You may find it hard to believe, but many have been 
shot out of pods and sent long distances. Numberless seeds reach 
new homes by clinging to the clothing of people and the coats of 
animals. Do you not wish plants could talk so that we might hear 
the history of their travels ? 
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Madam Dandelion would speak first, I suppose. You know she 
never hesitates to go where she pleases and remains as long as she 
likes no matter how rudely she may be treated, so I am sure she 
would not be at all diffident in conversation. She would probably 
tell us that she had left her home last year in a balloon which her 
mother had given her. How she must have enjoyed sailing away, 
away over field and meadow, until she reached a sunny place where 
she would have plenty of room to grow. I would like to hear her 
tell how happy she felt when the warm spring days came, and she 
arose out of the earth clothed in a gay yellow gown, bringing 
brightness and cheer into the hearts of little children. Many grown 
folks, as well as the young people, greet her with a smile each 
spring, and once Lowell wrote a beautiful poem about this bright 
little blossom, in which he said : 


‘‘My childhood’s earliest thoughts are linked with thee; 
The sight of thee calls back the robin’s song, 
Who from the dark old tree 
Beside the door, sang clearly all day long, 
And I, secure in childish piety, 
Listened as if I heard an angel sing 
With news from Heaven, which he did bring 
Fresh every day to my untainted ears, 
When birds and flowers and I were happy peers.” 


Yes, she is a pert little thing and is sometimes very annoying to 
the gardener, but no one would banish her altogether. Will you go 
out into the fields and find Madam Dandelion, so that you can learn 
from her how she sends her children abroad in balloons ? 

I wonder how many boys and girls know what sedges are? They 
look like coarse grasses and generally grow near ponds and in marshy 
places. The seeds of most sedges travel by water to reach new 
homes. Whenever I see them gliding along I feel like saying, 
“Where are you going, little akenes?” An akene, you know, is a 
small, dry, one-seeded fruit which does not break open when it 
ripens. ‘The real seed is inside an outer covering and when there is 
a space filled with air between the outer covering and the seed, it 
can sail on quiet waters or drift with the current of running streams. 


Will you try and find as many sedge akeens as you can and send 
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them tome? Anything that you can tell me of the mother plants 
will be of interest. I shall enjoy a description of the place in which 
they grow, and I shall also like to learn something about their neigh- 
bors. Do you think the pretty white water lily is one ? 

A great, burly immigrant which is found in some fields is worth 
a little study. It has been called a Russian thistle, but it is really a 
tumbleweed. When I tell you that in about twelve years it has 
traveled from Dakota to New York, you may think it deserves to be 
spoken of as a “cross-country runner.” Will you tell me how you 
think this tumbleweed reached this country from its far-away home 
near the Caspian sea, and how it has managed to spread so rapidly 
in the New World? 

Not many days ago I saw a Junior Naturalist who didn’t know 
that “stick tights” are seeds. They have been called “little 
tramps,’ and I think they deserve the name, for they wander 
from place to place, stealing rides on people’s clothing or animals’ 
fur whenever they get an opportunity. If you will look closely at 
one of these seeds, you will be able to see very plainly the tiny 
hooks with which it fastens itself to moving objects. 

Sometimes, when wandering along a roadside, you may see a 
small oak tree struggling to grow tall and strong like its ances- 
tors, those brave old “kings of the forest.” You may look for the 
parent tree, but as far as the eye can reach it is nowhere to be seen. 
How then did the little acorn travel so far? Keep your eyes open 
and some day you may discover a way in which this could happen. 
Maybe an old crow had started out to carry this acorn to his home. 
On the way he might have met a congenial friend whom he had 
not met for a long time. Now, in a case like this, children, it seems 
to me that, on opening his beak the better to say “Caw,” the old 
chatterer might have dropped the acorn, and being interested in 
conversation he probably forgot it. If you ever have an opportu- 
nity, watch a flock of crows and see whether they might plant an 
oak tree in some such way as this. You may at the same time come 
across another little creature that carries acorns, but I shall not tell 
you his name. I shall just mention, however, that he has a saucy 


face, very bright eyes and a warm-gray coat. He runs so rapidly 
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that the most agile Junior Naturalist would scarcely dare to compete 
with him in a race, and he can talk faster than any lassie in school. 
Do you think you will be able to find him and tell me his name? 

I earnestly hope, boys and girls, that in studying seed travelers 
you will try and find many of which I have not spoken. In order 
to do this you will have to go ont into the fields and woods where a 
great teacher is waiting for you. Patiently will she instruct you 
over and over again, so that whatever you may fail to learn in one 
lesson you will acquire in some other. The work will be so inter- 
esting that you will be happy when you learn that in her books there 
are no last pages. When I read your letters I shall know whether 
you are really Nature’s students. I shall consider that you have 
done excellent work if you find ten seed travelers and tell me a few 
facts about them. When your lesson is prepared suppose you send 
the seeds to me and I shall give them to boys and girls in large 
cities who cannot go out into the fields in search of them. Will it 
not be a pleasure to help other members of the club in this way ? 
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It was the morning after All Hallowe’en that I wandered into 
the orchard and stood beneath the tree where the children had 
played mimic life during the vacation days. It had been the scene 
for picnics, high teas, receptions and doll parties, with some of the 
strife and friction of real society. The soap box, with a board 
through the middle for a shelf, that was a combination of china 
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closet and pantry, was upset. The clothes-line swing still hung froma 
lower limb, but the notched board used asa seat was gone. When the 
sharp rays of the midsummer sun came down, the wide branches of the 
tree gave a cool protecting shade. While the children had their frol- 
ies their bickerings, and “ making up,” the old tree was hard at work. 
Every hour of the twenty-four, day in and day out, week in and 
’ week out, it worked, not even having a picnic on the Fourth of July. 

When you go to a factory and hear the noise of the machinery 
and see the whirling wheels, and gliding belts, and the army of 
employees moving briskly about like ants, you think that it is a busy 
place. Perhaps you are shown the unattractive raw material on 
one side of the factory and the finished product on the other, and 
you think what wonderful changes have been made. 

The tree has been just as busy a place during all the long summer 
days. I doubt if the tallest Junior Naturalist could lift and carry 
the product it has manufactured during that time—I mean the 
new wood and foliage that has grown since spring. 

The idea that a tree works may be a new one to you; and if so, 
it is because the tree has made no noise while at work, and you have 
not yet learned to listen with your eyes. I wish you to look upon 
this tree as a real living thing having life like yourself, and having 
a care for its future welfare. It can tell a story about itself that is 
just as interesting as any old soldier or sailor can tell. When you 
have made its acquaintance and listened to its story, Iam sure that 
you and the old apple tree will be the best of friends ever after. 

It was raining when I entered the orchard. The drops fell thick 
and fast, and as some struck pools of water there splashed up cup- 
shaped waves that settled back in expanding rings. I saw that the 
tree was no longer at work, but had gone into a profound sleep from 
which it will not awaken until the warm days of spring. Plain for 
all eyes to see, however, was the finished product, and I wondered 
how many of my boys and girls would appreciate the skill shown in 
the workmanship. 

There is a great principle in nature which I wish to impress upon 
your minds. I hope you will learn it, for if you do you will be 


able to see the reason for many things when you listen with your 
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to you and me. 

Our friend, the apple tree, 
all his hard work during the 
pended in preparing for the 
known that a cold and trying 
must stand out there alone 
when the snow squeaks be- 
sparkle in the clear sky; that 
which will cover its branches 
use as whip-lashes. 
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It also seems to have known 
it wakens and enters upon 
first want will be a breakfast ; 
of no value unless it has a 
the tree certainly seems to 
after providing them, has given 
hardships of winter. 


Besides listening to what I %» B | 


hear what the tree tells you. 
a twig something like the one 
tree will willingly part with a 
for the sake of becoming better 

When you have your apple 
look at it intently and then 
again before you speak a word. 


suggests a tiny wool or fur 
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i) 42 them protection against the 


It applies to all forms of life, both animal and vegetable, even 
It is this: there is a constant struggle for existence. 


understands this very well, and 
past summer has been ex- 
future. It seems to have 
winter was coming; that it 
many sharp and frosty nights 
neath the feet and the stars 
it must endure many cold rains 
with ice for the strong wind to 


that the next spring when 
another busy summer, its 
and that a breakfast will be 
stomach and lungs. Yes, 
know all these things and 


have to say, | want you to 
I hope each of you will find 
shown here. Any apple 
twig for a Junior Naturalist 
acquainted. 

twig, I wish that you would 
look at it again and still 
Do you see anything that 
overcoat — something com- 


fortable for winter? Look again and tell me if the overcoat is in 
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one piece. To make sure, take a pin and remove it. Note how 
snugly the pieces are packed together. When you pay your dues, 
describe how the edges of the outer scales lap over the scales 
beneath them, or “ break joints” as we say about the shingles on a 
roof. Examine many buds and tell me if you find any that are not 
perfectly made. On a large apple tree there are thousands and 
thousands of buds and you will probably not find one which is 
imperfectly made. Do you think that carpenters are usually as 
accurate in their work ? 

After removing a number of scales or, as we may say, a number 
of overcoats, coats and waistcoats, you will find the lungs and 
stomach ready to expand into full size when the tree may require 
them. Do you suspect that I am speaking in a strange way of 
something with which you are familiar and which you know by 
another name? Do you know that if the foliage is seriously injured, 
a tree will suffer as much as a person who has dyspepsia or con- 
sumption? Perhaps you can now guess what the tree has so care- 
fully packed away and protected by woolly and furry scales. 

Ask the twig to tell its age. 

The age of a cow can be told by the wrinkles on her horns, and 
you know that old people have many wrinkles in their faces. 

Look at the picture and note the wrinkles shown at B. Have you 
ever learned what caused them? That was the location of a 
terminal bud last winter, and next summer there will be wrinkles 
where bud 10 now is. All the length of the twig from B to 10 was 
made by the tree during the past summer when it was so busy. 

Now, instead of locking at the picture, will you examine a real 
twig, begin at the terminal bud, and trace its length until you find 
some wrinkles? The little twig grew that much longer this year. 
If you are fortunate enough to have one which has had abundant 
sunshine, you will probably find another set of wrinkles farther 
back which will show you the length of growth made the summer 
before. I have been able to count five or six years of growth on 
some twigs. If you will compare the one you have with several 
others, you will find that they have not all grown the same length 


during the past season. What do you suppose has been the cause of 
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this? It may be that the difference could be explained in many 
ways, but the most probable one is that the twigs which made the 
greatest progress had the most sunshine. The leaves, in order todo 
their work well, must also have abundant sunshine baths — bright 
light and not shaded light. 

All the terminal buds that you see on an apple tree have great 
ambitions for the future, just as I hope each Junior Naturalist has. 
The bud hopes to become a twig and grow into a branch, and if it 
can reach out into the sunshine it usually succeeds ; but many buds 
do not find the full sunlight, and these disappointed ones may 
become fruit buds. They are short and thick and are borne upon 
what are known as fruit spurs. Some buds— poor things ! — receive 
so little light that they become completely discouraged and dis- 
appear altogether. Look at the picture and carefully note buds 
numbered 3, 4, 5 and 6. These are probably disappointed buds and 
in afew years will be only short spurs. 

I hope that every Junior Naturalist will visit an apple tree, break 
off a twig and study it carefully. When you have written the story 
which it tells, will you send the little twig to me? The story it will 
tell me is that my boys and girls have studied the thing itself, as 
real naturalists should, and have not depended on books or leaflets 
for information which can be obtained directly from nature. 


ALICE G. McCLOSKEY, 


JNO. W. SPENCER. 
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HOW WE SHALL PLEASE ST. NICHOLAS. 


UPPOSE on the eve of the 24th of Decem- 
ber, St. Nicholas should pop his head in at 
my door and say: “ Merry Christmas, Uncle 
John! Ihave come to find out what your 
Junior Naturalists have learned about wind 
and ice and snow and evergreens.” Do you 
not believe that he would be very much 


disappointed if we had forgotten to study 
the very things in nature that he enjoys most? Let us work hard 
during the cold December days, so that Uncle John may be proud 
of all that his boys and girls have done; for then the jolly old face 
will be a welcome sight. 

The wind is one of Nature’s strongest children and many a hard 
task it accomplishes. Watch carefully and see if you can discover 
how it works and what are the results of its labors. From your 
observations from time tu time near your own home, let me know 
what effect you think it might have on the ocean or on a desert. I 
want you also to learn to love the music of the wind for, as you grow 
older, you will find that “it isa voice that never sings false. You 
are never small when you listen to it.” 

Jack Frost seems to be just a nimble little sprite, so I am sure you 
have no idea what a strong fellow he is. Perhaps you know that he 
can break a pitcher or a bottle, which is not a difficult thing to do; 
but did you ever hear that sometimes he becomes a powerful giant 
and can pry great rocks apart? How does he do these things? I 
wonder if you can tell me, 
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I hope you have seen his marvelous pictures. I read once, and 
know it is true, that: 
‘‘He went to the windows of those who slept, 
And over each pane like a fairy crept. 
Wherever he breathed, wherever he stept, 
By the light of the moon were seen 
Most beautiful things. There were flowers and trees 
There were bevies of birds and swarms of bees, 
There were cities, thrones, temples and towers; and these 
All pictured in silver sheen.” 


Will you look for some of Jack Frost’s sketches on your windows 
and tell me something about them? 
Study whenever you can the dainty little snow erystals which fall 
on your clothing, as 
‘Silent and soft and slow 
Descends the snow.” 


Do you wonder that the blanket with which Nature covers all her 
sleeping plants is so beautiful, as we see it crossed and recrossed by 
the shadows of the leafless trees, when you find how pretty are the 
tiny flakes with which it is made? Jack Frost designed every one, 
and no two are alike. 

How I wish I might be with you when you go in search of ever- 
greens! What a merry party it would be! The smallest Junior 
Naturalist would be close beside me, so that occasionally I might pat 
each tiny head, while the older boys and girls discussed with me 
some of the old-time customs with which evergreens are connected. 
We would recall how, for many centuries, the youths and maids of 
England have brought home the yule log * from the forest to cheer 
the Christmas hearth. It would amuse us to speak of the old-time 
folks who hung holly wreaths in the windows to scare the witches 


*Do you know that the burning of the yule or Christmas log grew out of a 
custom which was established long before the birth of Christ? The custom 
originated among certain people called Teutons who, during the winter solstice, 
burned a log of oak. It was their belief that the longer it could be kept burning 
as the length of the days increased, the greater would be their prosperity. Old- 
time customs are difficult to give up so the burning of the log became a part of 
the Christmas festivity, and was called the yule log. 
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away ; and the queer people who were careful to dispose of all the 
Christmas greens immediately at the close of the holiday time, 
because after that the one who stepped on a spray, or even a leaf, 
would behold a dreadful goblin. 

Some rosy-cheeked lassie or bright-eyed laddie would be sure to 
ask me why so many trees are leafless in winter, while evergreens 
are not. You will be unable to understand an explanation of the 
first question until you are older and can learn, with the aid of the 
microscope, a little of the mysterious story which Mother Nature 
has hidden in a leaf. I would probably answer by saying that the. 
material taken in by the roots of the tree is lifted up into the 
leaves and other green parts where it is manufactured into starch. 
Since all the moisture which rises is not needed in these factories, 
there are little pores in the leaves through which some of it may 
pass out. In the cold winter weather the tree loses all of its 
vital activity, so the little unused factories become ruins and tumble 
to the ground. We may not be able to learn from evergreen trees 
just why they wear their summer suits all winter. In the distant 
future some Junior Naturalist, grown to be a Senior, may tind some 
reason for it. 

It certainly would be delightful if I could go with you, for, 
besides having a jolly time, I believe I might find out something 
which I am very anxious to know. Maybe you will help me. 

In many places in the United States live relatives of two very dear 
friends of mine. I would like to learn just where I can find them. 
These friends are pine trees—very old fellows— living close 
together since Washington took command of the Continental army. 
One is a pitch pine and the other is a white pine. They have 
seemed good comrades since I have known them, the roots of 
each taking food from the same soil, receiving rain and sunshine 
from the same skies, and each wearing his own green needles in his 
own particular way. I have known sleepy boys and girls to put on 
a stocking in the morning wrong side ont, but rarely has the pitch 
pine failed to put out three needles from a sheath, or the white 
pine five. All the years that they have lived they have been count- 
ing out needles — one three, the other five — and one must be very 
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patient in his search if he finds that they have made a mistake in 
arithmetic. Are we as accurate in our work in numbers— you 
and 1? When I was a youngster I could always remember the 
difference between the pitch pine and the white pine, because in 
the latter I could bunch the needles up and make what looked 
to me like a broom, but in the former the needles stood out so stiffly 
that they were more like quills on a poreupine’s back. 

Do you believe pine trees ever shed their leaves? If you look 
closely along their branches you will see many places where once 
the little leaf sheaths rested ; and you will then learn where Mother 
Nature finds material for her thick pine-needle carpets. 


What kind of pine ts this? 


So many kinds of evergreens are there that if you were to remain 
in the woods long enough to study them all, I fear Jack Frost would 
claim you for his own. Iam too fond of my Junior Naturalists to 
give them up to any such mischievous sprite as he; so scamper 
about as lively as possible and secure a branch and cone from 
each green tree. These you can study at home or in school where, 


if Master Jack does venture in, he will not remain long. You can 
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there learn the names of your specimens by consulting the leaflet, 
“ Evergreens and How They Shed Their Leaves,” which we have 
sent to your teacher. 

Before leaving you, my dear boys and girls, I want to wish you 
a merry, merry Christmas. Let the St. Nicholas spirit enter your 
hearts, bringing with it the knowledge that the highest happiness is 
found in giving pleasure to others. No greater joy can come to any 
of us than to feel that the world is a little better —that more 
brightness and cheer have entered some homes — because we have 
lived. ; 
ALICE G. McCLOSKEY, 


JNO. W. SPENCER. 
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OXYGEN AND CARBON IN PARTNERSHIP. 


The stories told of the power of fairies, sprites and elves are the 
source of never-ending interest to boys and girls. I remember the 
days when I rejoiced in the victory which Cinderella had over her 
haughty sisters. How wonderful in my mind was the fairy who 
transformed the lowly maiden into a beautiful princess, a pumpkin 
into a chariot and four tiny mice into prancing steeds ! 

In your study of nature, I want you to learn something of the 
unseen forces that are about us all the time; forces as great, as 
powerful and as swift in transformation as could possibly be exerted 
by a fairy wand. These forces are with us every day. It is true 
we cannot see or hear them, taste or smell them, nevertheless they 
are ever present —as strong as the greatest monster, as powerful as 
the mightiest engine. 

This is especially true of a life-giving element with which each 
Junior Naturalist should become familiar. If an unusual amount of 
it gets into the blood, it will make it tingle; your eyes will brighten 
and your cheeks turn red, and sometimes it will send you skipping 
along the path as though the ground were hot beneath your feet. 
Without it all animal life would cease to exist ; no fires would burn; 
all things would fade and die. 

I fancy if I should call this element “ Hokey Pokey,” you would 
be much better pleased than if I should give you the name by which 
the chemist knows it, for then you might think of it as some 


amusing little sprite. As you are to be young naturalists, however, 
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you must put on some of the airs of scientists and begin to learn a 
few things by their true names. 

I shall give you but one this time and that is a short one. It is 
oxygen. I wish you to learn that it belongs to a class called simple 
substances. A simple substance may be divided into large or small 
quantities, but each will still be the same substance. There are 
many substances which we call compounds, that can be taken apart, 
as milk. A chemist can do it. In one dish he can put the cheese 
curd, in a very small dish the sugar, and in the largest dish the 
water — all coming from a quart of milk. 

If the subject can be made easy for you to understand, I think 
you will find pleasure in observing how simple substances go into 
partnership to make compounds. 

Let us begin to make the acquaintance of oxygen. It is a great 
friend of ours when properly controlled, but if once allowed the 
opportunity, it is more powerful than all the giants you can imagine. 
An interesting thing about it is that with all its capacity for power, 
in can do nothing alone. Without a partner, it is as incapable of 
accomplishing anything as one-half of a pair of shears. We find as 
we study oxygen that it seems to revel in partnerships, and with 
marvellous rapidity it willabandon an old one to enter a new one. 
This entering into new partnerships and breaking up old ones is 
something in which I hope you will become interested, for it lies at 
the foundation of chemistry. The chemist would speak of the 
partnership as a compound, and to keep him good-natured, we must 
begin using some of his words. 

That you may see with your own eyes oxygen entering into a 
compound (partnership) with another element, we will try an experi- 
ment. The easiest way to obtain oxygen is from the air of which it 
forms about one-fifth. I think we will make the other partner 
carbon. Charcoal is one form of carbon, and the wax in a candle 
contains carbon; as the latter is the handier and the cleaner, we wili 
use the candle. With a lighted match, we will heat the end of the 
candle, which furnishes the carbon, and the oxygen in the air begins 
the partnership. 

Perhaps you think it is only guess work that there is oxygen in the 
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air. We shall see whether it is or not. Put the lighted candle on 
a piece of blotting paper and a lamp chimney over it, as you see in 
Fig. 1, and do not forget to give a 
little air space at the bottom of the 
chimney. Notice how the partnership 


continues the same as before. If any- 
thing, the lamp chimney has made the 
partnership go ona little faster. Why 
this is so is a good question for all 
Junior Naturalists to find ont for 
themselves. Perhaps you will observe 
some reasons for this if you remove 
the two lead pencils and place the 
chimney close to the blotting paper. 
Watch carefully and see the partner- 
ship wane, just because the 
supply of oxygen has been 
lessened. Next, put a sheet =~ = 
of blotting paper over the ———S = ——— 
top of the chimney, shut off 2 = = 
all supply of oxygen and see Fig, 1. 
what will happen. 

The light has gone out. The partnership has ceased because the 


share that oxygen was required to add could not be supplied. In 
the bottom of the lamp chimney is a compound. It is not oxygen 
or carbon. A little white mouse dropped into this compound would 
die. It could breathe the compound, but it would do no good, and 
it would die in the same way that it would if it were plunged into 
a pail of water. The cause of death in each case might be called 
drowning. Chemists have named this compound carbon dioxid. 
The word “di” means two, and has been slipped in between the 
words carbon and oxygen to denote that oxygen pvt twice the 
amount into the compound is did carbon. Do you think you can 
now explain to your parents how a candle burns? 

All you boys and girls who drank soda water last summer are 
familiar with this compound, carbon dioxid. It sometimes goes tick- 
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ling up your nose. Bread is made “light” by means of the carbon 
dioxid, which crawls through the dough and makes it full of 
bubbly holes. 

When the partnership was going 
on between the candle and the oxygen, 
considerable heat was given off. Per- 


haps your teacher can tell you if any 
partnership between oxygen and car- 
bon is going on in our bodies; how it 
is done; if the heat of our bodies is 
due to that; if the breath we send out 
from the lungs is not carbon dioxid, 
and if a little mouse would die if shut 
up in it. 

Very little people will be unable to 
understand this lesson, so Uncle John 
will not expect them to write 
about oxygen, carbon and car- 
bon dioxid. He knows that 
== they like better to study about 
Fig. 2. real live things, but during the 
winter weather it is hard to 


find some of Mother Nature’s most interesting children; she has 
either sent them to warmer lands, or tucked them up cosily in bed, 
where they cannot feel the cold. 


‘*Bob-o’-Lincoln-oh, so wise ! * 
Goes to sleep ’neath summer skies, 
’*Mid the leaves. 


Mr. Bruin, night and day, 
Snoozes all his time away, 
In his cave! 
Squirrel Red with nuts—a store ! 
In hollow tree trunks loves to snore, 
In the wood. 
Mrs. Woodchuck ’neath some knoll, 
Drowses in her bed —a hole! 
Deep in earth. 


* A. F. Caldwellin Youth’s Companion. 
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Floweret bulbs nestled together, 
Doze all through the wintry weather 
’Neath the snow. 


In the chrysalis hard by, 
Dreams the sometime butterfly, 
In corner hid.” 

We shall be patient and not disturb their slumbers, you and I, 
for if we should they might not be sociable. I learned this once 
when, digging deep into the earth, I came across an old toad. 
Months before he had backed down to a place which he thought 
would make a warm bed. Suchasleepy old fellow as he was! Do 
you think he would tell me his history? Why, I could not coax 
him to show the least interest in life. I could hardly be sure that 
his usual smile was there. For this reason I think we shall wait for 
Mother Nature to arouse all our old favorites, and in the meantime 
there is something you can study that will please me very much. 

I want you to look for some forsaken birds’ nests which I am 
sure many of you pass on your way to school. You will be sur- 
prised to discover how many things can be learned from one of these 
tiny homes. It will tell you how hard the mother and father bird 
worked to make a substantial dwelling place for their children. 
Notice the material used in its construction. Where did the little 
creatures find it all? How long do you think it took them to build 
it? Ah, you were not naturalists last year, perhaps, so you cannot 
answer these questions. Those sweet-voiced friends of ours, now 
swinging on leafy bows in southern lands, would be very much 
surprised if they could only know how eagerly they will be 
watched next spring by our boys and girls. No harm will come 
to the little architects and builders because of this interest on your 
part, I know, for real naturalists are never cruel or thoughtless. 

Remember, while preparing this lesson, that nests are not always 
built high up in the trees. Robin Redbreast may prefer such a 
location, but many seem to like better a more lowly dwelling place. 

Uncle John will be very much pleased if each Junior Naturalist 
succeeds in finding a deserted bird’s nest. He will want to hear all 
that you can tell him about it, particularly the size, shape, material 
of which it is made, and where it was found. 

ALICE G. McCLOSKEY, 


JNO, W. SPENCER. 
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WAITING FOR THE BIRDS. 


The springtime belongs to the birds and me. Weownit. We 
know when the Mayflowers and the buttercups bloom. We know 
when the first frogs peep. We watch the awakening of the woods. 
We are wet by the warm April showers. We go where we will, 
and we are companions. Every tree and brook and blade of grass 
is ours; and our hearts are full of song. 

There are boys who kill the birds, and girls who want to catch 
them and put them in cages; and there are others who steal their 
eggs. The birds are not partners with them: they are only sery- 
ants. Birds sing for their friends, not for their masters. I am 
sure that one cannot think much of the springtime and the flowers 
if his heart is always set upon killing or catching something. We 
are happy when we are free; and so are the birds. 

The birds and I get acquainted all over again every spring. They 
have seen strange lands in the winter, and all the brooks and woods 
have been covered with snow. So we run and romp together, and 
find all the nooks and crannies which we had half forgotten since 
October. The birds remember the old places. The wrens pull the 
sticks from the old rail, and seem to be wild with joy to see the 
place again. They must be the same wrens that were here last year 
and the year before, for strangers would not make such a noise over 
an old rail. The bluebirds and wrens look into every crack and 
corner for a place in which to build, and the robbins and chipping- 
sparrows explore every tree in the old orchard. 

If the birds want to live with us, we should encourage them. 
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The first thing to do is to let them alone. Let them be as free from 
danger and fear as you or I. Take the hammer off the old gun, 
give pussy so much to eat that she will not care to hunt for birds, 
and keep away the boys who steal eggs and who carry sling-shots 
and throw stones. 

Bird houses.— For some kinds of birds we can build houses. 
Although birds may not appreciate architecture, it is well to make 
the houses neat and tasty by taking pains to have the proportions 
right. The floor space in each compartment should be not less than 
five by six inches, and six by six or six by eight may be better. By 
cutting the boards in multiples of these numbers, one can easily 
make a house with several compartments ; for there are some birds, 
as martins, tree-swallows and pigeons that like to live in either 
families or colonies. The size of the doorway is important. It 
should be just large enough to admit the bird. A larger opening 
not only looks bad, but it exposes the inhabitants to dangers of cats 
or other enemies. Birds which build in houses, aside from doves 
and pigeons, are bluebirds, wrens, tree-swallows, martins, and some- 
times the chickadee. For the wren and chickadee the opening 
should be an inch-and-a-half augur hole, and for the others it should 
be two inches. Only one opening should be provided for each 
house or compartment. A perch or door-step should be provided 
just below each door. It is here that the birds often stop to arrange 
their toilets; and when the mistress is busy with domestic affairs 
indoors, the male bird often sits outside and entertains her with the 
latest neighborhood gossip. These houses should be placed on 
poles or on buildings in somewhat secluded places. Martins and 
tree-swallows like to build their nests twenty-five feet or more above 
the ground, but the other birds prefer an elevation less than twelve 
feet. Newly made houses, and particularly newly painted ones, do 
not often attract the birds. Birds do not build in houses made of 
green lumber. Make the houses in February and March, and let 
them season. 

Watch the Birds.— But if the birds and I are companions, I must 
know them more intimately. Merely building houses for them is 
not enough. I want to know live and happy birds, not dead cnes. 
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We are not to know them, then, by catching them, nor stufting 
them, nor collecting their eggs. Persons who make a business of 
studying birds may shoot birds now and then, and collect their eggs. 
But these persons are scientists and they are grown-up people. 

Boys and girls should not make collections of eggs, for these col- 
lections are mere curiosities, as collections of spools and marbles 
are. They may afford some entertainment, to be sure, but one can 
find amusement in harmless ways. Some people think that making 
collections makes one a naturalist, but it does not. The naturalist 
cares more for things as they really are in their own home than for 
museum specimens. One does not love the birds when he steals 
their eggs and breaks up their homes; and he is depriving the 
farmer of one of his best friends, for birds keep insects in 
check. 

Then let us go to the fields and watch the birds. An opera-glass 
or spy-glass will bring them close to you. Try to find out not only 
what the colors and shapes and sizes are, but what their habits are. 
What does the bird eat? How much does it eat? Where is its 
nest? How many eggs does it lay? What color are they? How 
long does the mother bird set? Does the father bird care for her 
when she is setting? For how long do the young birds remain in 
the nest? Who feeds them? What are they fed? Is there more 
than one brood in a season? Where do the birds go after breed- 
ing? Do they change their plumage? Are the mother birds and 
father birds unlike in size and color? How many birds do you 
know ? 

These are some of the things which every boy or girl wants to 
know ; and we can find out by watching the birds! There is no 
harm in visiting the nests, if one does it in the right way. I have 
visited hundreds of them and kept many records of the number of 
eggs and the date when they were laid, how long before they 
hatched, and when the birds flew away; and the birds took no 
offense. These are some of the cautions to be observed: watch 
only those nests which can be seen without climbing, for if you have 
to climb the tree the birds will resent it. Make the visit when the 


birds are absent if possible ; at least, never scare the bird from the 
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nest. Do not touch the eggs or the nest. Make your visit very 
short. Make up your mind just what you want to see, then look in 
quickly and pass on. Do not go too often, once or twice a day will 
be sufficient. Do not take the other children with you, for then 
you are likely to stay too long and to offend the birds. 

Soon your teacher will receive a leaflet telling the kinds of birds 
that come with the opening of the spring. 


LY HO BATEEY: 
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THE .COMING, OF STRING. 


While looking out of my window at the snow-covered fields and 
frozen stream and listening to the roaring of the wind, I can scarcely 
believe that spring is near. Spring enters our world so slowly and 
quietly that rarely are its first footsteps heard. Will our Junior 
Naturalists listen for them this year. Will they know when the 
hepatica first lifts its head, when the brook sings its first song, and 
when the first green leaves unfold? If so, spring will not take 
them unawares — they will be waiting. 

Who in your club will find the first hepatica, I wonder! Will it 
be John or Tom or Henry or Nell? Nell is a bright little girl and 
unless the boys look out, she will find one some morning before 
they are up. These small blue or purple blossoms, which many of 
you call Mayflowers, sometimes appear before the snow has gone. 
I was told once that anemones (the little wind flowers) are the first 
to blossom. J hardly think this possible. They always stand so 
erect on their slender stalks, that it seems to me they would be 
injured by the cold more than the lowly hepaticas lying close to the 
earth. However, I am not sure which is the earlier, and will ask 
you to find out for me. For your dues, describe the first wild 
flower you find, and tell us where you found it. 

A little plant is a wonderful thing. It takes its place in the world 
in such a modest way that we usually treat it with indifference, but 
the commonest flower or plainest weed has a most interesting life 
story if we only knew it. Begin with the tiny seed. which dropped 
to the ground last fall. Already the little plant inside the seed was 
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prepared to send its root down into the soil, its stem up into the 
bright world. For days and days it will work. The stem will grow 
higher and higher, and the leaves will appear. Have you ever 
looked closely at a leaf? You will not wonder, when you do, that it 
was not made inaday. Where did these stems and leaves come from ? 

Occasionally I take the whole plant home with me, having first 
noticed whether the soil in which it grew is similar to that in my 
garden. A good many little strangers have entered my gate in this 
way. They are now thrifty plants, so I think they found their new 
home comfortable. Can you not makea garden in this way? Try it. 

Robert Burns, the poet, loved birds and flowers, and talked to 
them while. working in the fields. One day he was obliged to turn 
a daisy down with his plow. He did not pass it unnoticed, but has 
told ina poem * To a Mountain Daisy ” something about its life: 

“‘Cauld blew the bitter, biting north 
Upon thy early, humble birth ; 
Yet cheerfully thou glinted forth 
Amid the storm, 
Scarce rear’d above the parent earth 
Thy tender form.” 

He shows that he appreciated the difficulties under which it had 
struggled to fill its humble place in the world. It was not shielded 
as are many plants, but obliged to push its “tender form” up 
through the stony soil. Notice where a plant grows when you find it. 

Another poet says: 


“Hast thou named all the birds without a gun ? 


Loved the wood-rose, and left it on its stalk ? 
* * * * * * 


O, be my friend and teach me to be thine.” 


Will you then write to Uncle John telling him how your work is 
progressing and giving as nearly as you can the history of each 
flower you find in March and April? Where does it grow? In 
what kind of soil? Tell something about the stem, the leaves and 
the blossoms. If the flower is searce near your home, I hope you 
will tell me that you studied it and “ left it on its stalk.” 

Before next June I hope you will write about some of my old 
favorites: Jack-in-the-pulpit, columbine, anemone, hepatica, trail- 
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ing arbutus, wild geranium, Indian pipe, adder’s tongue and many 
others. You cannot find them allatonce. In fact it may be several 
days before you find any. In the meantime I want you to think 
about another topic for study which I shall suggest. 

Near my home there is a noisy little creek which will soon begin 
its spring work. Day after day, year after year, I have watched it 
rushing along on its way to the river; yet it always has something 
new to tell me, some new song to sing. I have never traced it to 
its source, but somewhere on the mountain side it began its young 
life many years ago. It flows through a narrow valley, rather steep 
banks rising on either side. Do you think Nature made this channel 
so that it might have a place in which to run easily along? No. 
Starting on the hillside, the little stream began to work away as if 
it knew that it must. From the way it rushes onward I cannot help 
thinking it is ambitious to become a Mississippi some day, or for all 
I know, it may have aspirations toward being an Amazon. 

Young streams sometimes have very hard tasks. If you were 
with me on a summer day, you would hear my little creek making 
a great noise about a piece of work it has to do. Standing in its 
way is a hard layer of rock — so hard that Junior Naturalists would 
have to hammer with all their strength to break a piece. The 
stream did not turn back when it found this rock. No; it just 
tumbled over and is now doing its best to get it out of the way. 
The more the little waterfall tumbles the better pleased I am. I 
love to hear it. 

Now, I have told you that a stream broadens and deepens its own 
valley and that it grinds off hard rocks which it finds in the way. 
Naturally you will think that, in order to grind, it must have tools 
with which to work. Of course it does, but as a description of the 
tools used by streams is to be a part of your next lesson, I shall not 
tell you anything about them. What are they ? 

1 wish you would watch a brook or river at work. You will see 
it wearing away the land and carrying a load of rock material down 
stream. Sometimes it will try to carry too much at once and will 
be obliged to leave some of it along the way. River bars which 
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are so annoying to captains of river steamboats, are formed in this 
way. They disappear, however, as soon as the stream is strong 
enough to remove them. The older Junior Naturalists have prob- 
ably read and studied about flood plains and deltas. If you care 
to know how they are formed, any stream near your home will show 
you. When the water is high in the spring, flood plains are being 
built and when it recedes new soil will be found on either side. 

Do you know how the soil came to be deposited there? If you 
place a toy village close to a stream in winter, what will happen to 
it in spring? How could you protect it? A very tiny brook will 
show you why levees are built along the Mississippi river. Let us 
know all that you can find out about a stream: whether it flows 
in a straight line or whether it meanders from side to side; what 
materias it carries; the tools it uses in carving out its valley. If 
your father is a farmer or fruit-grower, ask him what he does to 
prevent soil from being washed away. 

There are some of our boys and girls in large cities who never 
have an opportunity to walk in the woods or to ask for the story 
which a meadow brook can tell. I wonder if, for their dues, these 
children will try egg-shell farming? Secure an egg-shell, nearly fill 
it with soil, and plant radish seeds. I am sure you will enjoy wateh- 
ing the little plants when they come up. They will have many 
pretty ways. The one which interests me most is its habit of turn- 
ing toward the sun. If you make two farms and let one grow in 
the light and the other in the dark, you will learn why they do this. 


Tell us two decided differences which you can see in the appearance 


of your little farms. ALICE G. McCLOSKEY. 
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iE FOUR CHAPTERS IN AN “INSECT’S’ LIFE: 
N April and May is a good time to begin 


the study of insects. You will not be ex- 
pected to remember uninteresting facts. I 
shall not even ask you to learn that in order 
to be an insect a creature must have six 
legs, a pair of feelers (antennz) and usually, 


when fully grown, one or two pairs of 
wings. Of course, this knowledge would 
be valuable to you on many occasions. For instance, when you see 
a spider you could tell him that he cannot be an insect for he has 
too many legs; while you would be able to inform any “ thousand 
legged worm ” which you might happen to meet that his case is even 
more hopeless. 

I wish you would write the history of an insect this year ; not as 
you read it in a book but as the insect tells it to you. Some of the 
histories can be written in two chapters, but these are not the most 
interesting. Katydid’s is longer. From the way she monopolizes 
the conversation evenings, one would think she is the only creature 
in the world that ever existed as an egg,a nymph and a fully grown 
insect. You probably do not know what a nymph is, but katydid 
or a grasshopper or a cicada will tell you some day. They are a 
noisy folk — these three insects — and it is a good thing for us that 
their history is limited to three chapters. Just imagine how they 
might chirp and chatter and sing if they had four periods in their 
life story as the tent-caterpillar has! 

The insects which pass through four stages in their lives are so 
wonderful that I consulted Mother Nature as to the best way in 
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which our Junior Naturalists could learn about them. She told me 
that a course of lectures is to be given by the apple-tree tent-cater- 
pillars. I can assure you that they are very competent to instruct 
young naturalists. They give their story in a simple, unaffected 
manner, and have a way of raising their heads as they proceed with 
their discourse which is very impressive. 

I must not neglect to tell you that the lecturers are always accom- 
modating. If you are unable to spend your time in the orchard, 
they will cheerfully allow you to conduct them to the school-room, 
where they will entertain you for several days. ‘They always pro- 
vide their own lodging and clothing, but will, of course, expect 
board in return for their services. 

When you undertake to provide these caterpillars with a daily 
banquet of apple or wild-cherry leaves, you will find it no easy task. 
They are very hungry creatures. For this reason the farmer is 
anxious to get rid of them, and who 
can blame him? Not I; even 
though I appreciate how much they 


can teach young people about insect 
life. You see these greedy cater- 
pillars are destroying the foliage of 
the apple trees —the starch facto- 


ries which you have learned are so important 
to the welfare of the trees. I think that you 
and I will have to work hard to prevent them 
from remaining in the orchards. 

Notice the silken thread which the caterpil- 
lars spin as they wander away from their tents. 
I have spoken of this for I think it is one of 
the points in the lecture which is not always 
clearly seen. When I have watched the small 
creatures traveling long distances from their 
home, I have wondered how they found their 


way back. Does it not seem as if this silken 


The eggs, laid in 
MASSES. thread were as good as a foot-path in pointing 


out the way? See if you can learn where the silk comes from. 


Many instructors in colleges and high schools provide the students 
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with notes which aid them in understanding the lectures. The cat- 
erpillars will not be able to do this, so I shall give a few suggestions 


which will help you. 
CHAPTER: E 


Tue Eaes. 


Where found. When. How protected from cold and storm. 
Why they should not be taken into the school-room until the leaves 
appear. Why easily destroyed in this stage. 


CHAPTER II. 


Tuer Larva. 


Number of caterpillars which hatch from the egg mass. Size 
when first hatched. Tent. What will happen if tent is removed. 
Notice how often they change their coats. Markings and color of 
coats. The silken thread which they spin as they travel. Where 
the silk comes from. The time they feed in the school-room. 
When they eat out of doors. 


CHAPTER. III. 
Tue Popa. 


How the cocoons are 
made. Where they are 
made. Open cocoon. 
Note changes. Why 
easily destroyed. Note 
that the cocoon covers the pupa. 
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CHAPTER IV. 
Tue Morn. 


Date of appearance. Size. Color. Markings. 


BP SS MSS 


lf there is any other insect which 
you can get more easily than the 
tent-caterpillar, you may write 
about it for your dues. Perhaps 
you have already seen the Mourn 
ing-cloak butterfly, and it may 
have an interest for you. I am 
sure you admired the pretty dark- 
purple mantle with its cream-colored border. All winter this but- 
terfly lived in some protected nook, and it was one of the very first 
messengers of spring. It lays its eggs in clusters around a twig of 
an elm, a poplar, or a willow tree as soon as the leaves appear. If 
you do not find the eggs, you will probably have no difficulty in 
seeing the larvee or caterpillars later in the season. You may look 
for them about the middle or latter part of May. They are black 
spiny creatures dotted with white and have a row of red spots down 
the middle of the back. Take some of them home, feed them well 
and they will, I think, tell you the rest of their story. 


The full-grown insect (somewhat 
enlarged.) 


Are you still looking for wild flowers? A spray of “ Shepherd’s 
purse” peeped up at me to-day and I wondered how many Junior 
Naturalists have seen one in blossom this year. It seems to me that 
every letter yon write should contain one paragraph about spring 
plants. 


ALICE G. McCLOSKEY. 
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A CHILDREN’S GARDEN. 


E want every school child in the state to grow 
a few plants this summer. We want every 
one of them to learn something of. why and 


how plants grow, and the best and surest 
way to learn is to grow the plants and to 
watch them carefully. We want every one to become interested in 
everything that lives and grows. 1t does not matter so very much 
just what kinds of plants one grows, as it does that he grows some- 
thing and grows it the best that he knows how. We want the 
children to grow these plants for the love of it,—that is, for the 
fun of it,—and so we propose that they grow tlowers; for when one 
grows pumpkins and potatoes, and such things, he is usually think- 
ing of how munch money he is going to make at the end of the 
season. Yet we should like some rivairy in the matter in every 
school, and we therefore propose that a kind of a fair be held at the 
school house next September, soon after school begins, so that each 
child may show the flowers which he has grown. Whata jolly time 
that will be ! 

Now, we must not try to grow too many things or to do too much. 
Therefore, we propose that you grow sweet peas and annual phlox. 
They are both easy to grow, and the seeds are cheap. Each one has 
many colors, and everybody likes them. Now let us tell you just 
how we would grow them. 

1. The place. Never put them — or any other flowers —in the 
middle of the lawn,— that is, not out in the center of the yard. 


They do not look well there, and the grass roots run under them 
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and steal the food and moisture. I am sure that you would notlike 
to see a picture hung on a fence-post. It has no background, and it 
looks out of place. The picture does not mean anything when hung 
in such a spot. In the same way, a flower bed does not mean any- 
thing when set out in the center of a lawn. We must have a back- 


ground for it, if possible,—a wall upon which to hang it. So we 
will put the flower bed just in front of some bushes or near the back 
fence, or alongside the smoke-house, or along the walk at the side of 
the house or in the back yard. The flowers will not only look better 
in such places, but it will not matter so much if we make a failure 
of our flower bed; there are always risks to run, for the old hen 
may scratch up the seeds, the cow may break into the yard some 
summer night, or some bug may eat the plants. 

Perhaps some of the children may live so near to the school house 
that they can grow their plants upon the school grounds and so have 
sweet peas and phlox where there are usually docks and smartweeds. 
Grow them alongside the fence, or against the school house if there 
is a place where the eaves will not drip on them. 

2. How to make the bed.— Spade the ground deep. Take out all 
the roots of docks and thistles and other weeds. Shake the dirt all 
out of the sods and throw the grass away. You may need a little 
manure in the soil, especially if the land is either very hard or very 
loose and sandy. But the manure must be very fine and well mixed 
into the soil. It is easy, however, to make sweet pea soil so rich 
that the plants will run to vine and not bloom well. 

Make the bed long and narrow, but not narrower than three feet. 
If it is narrower than this, the grass roots will be apt to run under 
it and suck up the moisture. If the bed can be got at on both sides, 
it may be as wide as five feet. 

Sow the seeds in little rows crosswise the bed. The plants can 
then be weeded and hoed easily from either side. If the rows are 
marked by little sticks, or if a strong mark is left in the earth, you 
can break the crust between the rows (with a rake) before the plants 
are up. The rows ought to be four or five inches further apart than 
the width of a narrow rake. 

3. How to water the plants.— 1 wonder if you have a watering- 
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pot? If you have, put it where you cannot find it, for we are going 
to water this garden with a rake! We want you to learn, in this 
little garden, the first great lesson in farming,— how to save the 
water in the soil. If you learn that much this summer, you will 
know more than many old farmers do. You know that the soil is 
moist in the spring when you plant the seeds. Where does this 
moisture go to? It dries up,— goes off into the air. If we could 
cover the soil with something, we should prevent the moisture from 
drying up. Let us cover it with a layer of loose, dry earth! We 
will make this covering by raking the bed every few days,— once 
every week anyway, and oftener than that if the top of the soil 
becomes hard and crusty, as it does after a rain. Instead of pour- 
ing water on the bed, therefore, we will keep the moisture in the bed. 

If, however, the soil becomes so dry in spite of you that the 
plants do not thrive, then water the bed. Do not sprinkle it, but 
water it. Wet it clear through at evening. Then in the morning 
when the surface begins to get dry, begin the raking again to keep 
the water from getting away. Sprinkling the plants every day or 
two is one of the surest ways to spoil them. 

4. When and how to sow.—The sweet peas should be put in just 
as soon as you get this Monthly. Yet good results can be had if 
the seeds are put in as late as the middle of May. If sown very 
early, they are likely to bloom better, but they may be gone before 
the middle of September. The blooming can be much prolonged if 
the flowers are cut as soon as they begin to fade. 

Plant sweet peas deep,—two to three or sometimes even four 
inches. When the plants are a few inches high, pull out a part of 
them so that they will not stand nearer together than six inches in 
the row. It isa good plan to sow sweet peas in double rows,— 
that is, put two rows only five or six inches apart,—and stick the 
brush or place the chicken-wire support between them. 

Phlox may be sown from the middle of May to the middle of 
June. Phloxes are summer and autumn flowers, and they should 
be in their prime in August and September. 

Sow the seed shallow,—not more than a half inch deep. The 


plants should stand 6 to 10 inches apart. 
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5. What varieties to choose.— In the first place, do not plant too 
much. A garden which looks very small when the pussy willows 
come out and the frogs begin to peep, is big in the hot days of July. 
A garden four feet wide and twenty feet long, half sweet peas and 
half phloxes, is about as big as most boys and girls will take care of. 

In the next place, do not get too many varieties. Four or tive 
kinds each of peas and phloxes will be enough. Buy the named 
varieties, — that is, those of known colors,— not the mixed packets. 
If you are very fond of reds, then choose the reddish kinds; but it 
is well to put in at least three colors. 


i. A BALE YE 
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